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Summary
This research examined teaching and learning stra teg ies  fo r  
GCE Advanced le v e l  standard genetics.
A diagnostic test  was developed and t r ied  that allowed  
student concepts to be id en t i f ied . This test  was used both 
before and a f te r  any genetics instruction to ascertain  
what, i f  any, changes had taken place.
This test id en t i f ied  a p a r t icu la r  misconception held by 
many students. This misconception concerned the
re lationsh ip  between the terms Gene and A l le le .  This 
misconception caused major problems with many of the other 
terms used in genetics and thus adversely a ffected  the 
students’ performance in th is  subject. In order to help the 
students to resolve th is  misconception a Chromosome Model 
was designed that could be used to encourage conceptual 
change,
The findings of th is  research are that i t  is  important for  
teachers to be aware of the ir  students’ concepts in 
genetics before they s ta rt  teaching them the genetics 
component of any sy llabus. I t  a lso showed that once the 
student had resolved any d i f f i c u l t y  with the re lationsh ip  
between Gene and A l le le  the ir  performance in genetics  
showed a s ign if ic an t  improvement.
This research found that the use of the Chromosome Model as 
a conceptual challenge tool was a most e f fe c t iv e  way of  
resolving the students’ d i f f i c u l t i e s  with the re lationsh ip  
between Gene and A l le le  and, consequently, other aspects of 
genetics, e spec ia l ly  i f  th e ir  teachers were aware of the ir  
students’ concepts, and had undergone some s t a f f
development in the Model’ s use.
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C H A P T E R  1
C O N C E P T S  A N D  C O N C E P T U A L  C H A N G E :  A  
R E V I E W .
Gently my eyelids close;
I ’d rather be good than clever;
I ’d rather have my facts all wrong 
Than have no facts whatever.
(Who did which? or Who indeed? Ogden Nash)
Concept: A thing conceived, a general notion: an idea,
invention. Conception: The formation or power of forming
in the mind, of a concept, plan, thought, etc: a concept: 
a notion. Conceptualise: to form a concept-to form
concepts: to think abstractly .
From: Chambers Concise Dictionary, (1989).
l . i :  C O N C E P T S .
Kelly (1955), l ik e  many philosophers before, proposed that 
Man is  engaged in a process of observation, interpretation ,  
prediction and control. According to Kelly , each person
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erects fo r  himself a representational model of the world 
which allows him to chart a course of behaviour in re la t ion  
to i t .  Although a rea l world of physical objects ex is ts ,  
Kelly be lieves  that no one organism has the p r iv i le g e  of  
"knowing" i t .  A l l  ind iv idua ls  can do is  place their  own 
personal constructs on i t  and the better the constructs  
" f i t "  the rea l world the more the ind ividual w i l l  be in 
control of the ir  own, personal world.
”  Man l o o k s  a t  h i s  w or ld  th rough  t ra n s p a r e n t  p a t t e r n s
o r  t e m p la te s  which he c r e a t e s  and then a t t e m p ts  t o  f i t  o v e r  
the  r e a l i t i e s  o f  which the  w or ld  i s  composed. The f i t  i s  
n o t  always v e r y  good  but  w i th o u t  such p a t t e r n s  the  w or ld  
appears  t o  be such an u n d i f f e r e n t i a t e d  h o m o g e n e i ty  th a t  Man 
i s  unable  t o  make any sense o f  i t . "  ( K e l l y ,  1955) .
Pope (1980) be lieves  that Ke l l y ’ s philosophy of 
Constructive A lternativism  is  of great interest  to 
educationalists . I f  the philosophy were adopted an 
adaptive educational system could be provided which assumes 
many ways of succeeding and multiple goals to choose from. 
Pope states that Constructive Alternativism  inv ites  
innovation and re je c ts  dogma.
Kelly, on the other hand, recognised learning as a personal 
exploration in which what is  relevant to the person is  of 
importance. For education to be a jo in t  venture between 
teacher and learner i t  would be b en e fic ia l i f  each had some
2
awareness of the other ’ s personal constructs. The teacher 
should come to an understanding of the p u p i l ’ s framework 
and the pupil should be exposed to the range of a lte rnative  
frameworks held by the teacher and by other pupils .
I t  seems tha t teachers  c e r t a in ly  should be aware o f  the 
p u p i l ’ s framework, because i t  is  on ly  by be ing aware o f  
th is  tha t any d i f f e r e n c e s  th a t  might e x i s t  between the 
p u p i l ’ s framework and the a l t e r n a t i v e  framework held  by the 
teacher can be i d e n t i f i e d .  Being aware o f  any d i f f e r e n c e s  
may in f lu en ce  the approach o f  the teacher to  the students 
and, i f  the students are aware o f  these d i f f e r e n c e s  to o ,  i t  
may a lso  in f lu en ce  the approach o f  the lea rn e rs  to  the 
te a c h e rs .
Ausubel (1968) b e l i e v e s  tha t  the s in g le ,  most important 
fa c t o r  which in f lu en ces  lea rn in g  i s  what the le a rn e r  
a lread y  knows. In  o rder f o r  lea rn in g  to  occur i t  must be 
"m ean ing fu l" , tha t i s ,  new knowledge must be r e la t e d  to  
re le v a n t  e x is t in g  concepts and p ro p o s it io n s  tha t the 
le a rn e r  holds . The new knowledge w i l l  then, accord ing to  
Ausubel, in t e r a c t  w ith  the e x is t in g  c o g n i t i v e  s tru c tu re  and 
be a ss im ila ted  or subsumed in to  i t  (Subsum ption ) .
Novak (1978) p o in ts  out th a t  th is  process i s  continuous and 
major changes in  meaningful lea rn in g  are not a r e s u l t  o f  
genera l stages in  c o g n i t i v e  development, as P ia g e t  (as  
rev iewed  by Gross, 1989) b e l i e v e s ,  but a r e s u l t  o f  a
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growing d i f f e r e n t i a t i o n  and in te g ra t io n  o f  s p e c i f i c a l l y  
r e le v a n t  concepts in  c o g n i t i v e  s tru c tu re .  This (a ccord ing  
to  Novak) i s  why o ld e r  c h i ld re n  a re , on the whole, capable 
o f  s o lv in g  more complex (a b s t r a c t )  problems than younger 
c h i ld re n ,  because th ey  have a more e la b o ra te  
d i f f e r e n t i a t i o n  and in t e g r a t io n  o f  t h e i r  concepts and n o t , 
as P ia g e t  assumes, because they are a t a ’ c e r ta in  s t a g e ’ 
and th e r e fo r e  have some unique c o g n i t iv e  c a p a b i l i t y .
Novak (1978) des igned a s e r ie s  o f  a u d io - tu to r ia l  sc ience  
lessons f o r  l - 3 r d  grade c h i ld re n .  The lessons  were 
designed to  presen t concepts o f  the p a r t i c u la t e  nature o f  
m atter, g r a v i t y  and o th e r  a b s tra c t  concepts. I t  was found 
tha t 55-82% o f  the c h i ld re n  could g iv e  exp lanations  o f  
these concepts tha t were g e n e r a l ly  b e t t e r  than many adu lts  
could o f f e r .
Novak’ s data support the v iew  o f  a model o f  c o g n i t iv e  
development tha t is  not ” stage-dependent" but dependent 
upon the framework o f  s p e c i f i c  concepts and t h e i r  
in te g ra t io n s  acqu ired  during the a c t iv e  l i f e s p a n  o f  the 
in d iv id u a l .  During the s tu d ies  c a r r ie d  out by Novak (1978) 
i t  was noted tha t in  some cases , m isconceptions which were 
not uprooted by the in s t ru c t io n  g iven  became more p r e c is e ,  
more e la b o ra te  and more in te g ra te d  w ith  o th er  concepts. 
This shows, in  Novak’ s op in ion , tha t d i f f e r e n t i a t i o n  o f  
c o g n i t iv e  s t ru c tu re  i s  v e r y  much a fu n ction  o f  s p e c i f i c a l l y  
r e le v a n t ,  e x i s t in g  concepts . I  would expect t h is  to  be the
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case and indeed the r e s u l ts  o f  th is  research  support these 
f in d in g s .
Student concepts which are  d i f f e r e n t  from s c i e n t i f i c  
concepts have been c a l l e d  m iscon ce p t ion s  (Helm, 1980; 
Brumby, 1984; Browning and Lehman, 1988), p r e -c o n c e p t io n s  
(Novak, 1977) and a l t e r n a t i v e  frameworks (Kargbo, Hobbs and 
Erickson, 1980; Angus, 1981; B e l l ,  1981; D r iv e r ,  1981; 
Watts, G i lb e r t  and Pope, 1982; G i lb e r t  and Watts, 1983; 
Brook, B r iggs  and D r iv e r ,  1984; M cClelland, 1984).
Student concepts which are  d i f f e r e n t  from the intended 
teach er concepts w i l l ,  in  th is  study, be r e fe r r e d  to  as 
m isconcep tions .
U n t i l  r e c e n t ly  exp lana tions  f o r  lea rn in g  d i f f i c u l t i e s  in  
sc ience  tended to  draw on th e o r ie s  o f  genera l i n t e l l e c t u a l  
development, such as P ia g e t ia n  stage  th eory , but more work 
now focuses on the nature o f  ideas and b e l i e f s  which 
ch ild ren  hold about s c i e n t i f i c  phenomena. I t  had been 
argued tha t c lassroom lea rn in g  could be improved i f  
teachers  could b u i ld  on c h i ld r e n ’ s ideas ra th er  than ignore  
them (D r iv e r ,  1983; Halloun and H e s te r ie s ,  1985; Treagust, 
1988) .
Much o f  the research  in to  c h i ld r e n ’ s s c i e n t i f i c  concepts 
has been done on aspects  o f  physics (E r ickson , 1979; 
Champagne, K lo p fe r  and Gunstone, 1982,1983 & 1985; Gunstone
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and White, 1980 & 1981; Osborne, 1980; Watts, 1982 & 1983; 
Clement, 1982; G i lb e r t  and Pope, 1982; Nussbaum and Novick, 
1982; Brook, B r iggs  and D r iv e r ,  1984).
B io lo g ic a l  to p ic s  seem to  have been somewhat n eg lec ted  
p o s s ib ly  because i t  was f e l t  th a t  b io l o g i c a l  concepts were 
more d i f f i c u l t  to  analyse because they are n on -h ie ra rch ica l  
and le s s  d is c r e t e ,  tha t i s ,  they tend to  in terw eave w ith  
o ther  r e la t e d  concepts (Shayer, 1974). Such d i f f i c u l t i e s  
have been faced  and a number o f  d i f f e r e n t  b i o l o g i c a l  ideas 
have been in v e s t ig a te d ,  f o r  example, E v o l u t i o n  and H e r e d i t y  
(Deadman and K e l ly ,  1978); N a tu r a l  S e l e c t i o n  {Brumby, 
1979); the concept o f  Animal  ( B e l l ,  1981; B e l l  & Barker, 
1982); I n h e r i t a n c e  (Kargbo, Hobbs & Erickson , 1980; 
H ackling, 1982; Engel-C lough and Wood-Robinson, 1985);
B i o l o g i c a l  A d a p ta t i o n  (Engel-C lough and Wood-Robinson, 
1985); the concept o f  L i f e  and L i v i n g  (Angus, 1981; Brumby, 
1981); P h o t o s y n t h e s i s  (Simpson and Arnold , 1982); as w e l l  
as b i o l o g i c a l  concepts in  genera l (Johnstone and Mahmoud, 
1980; Shemesh and La za row itz ,  1989),
The curren t in v e s t ig a t io n s  concern s tu den t ’ s understanding 
o f  g e n e t ic s .  Some work has a lrea d y  been c a r r ie d  out in  
th is  area by s e v e ra l  researchers  ( D a ry l l-E va n s ,1976; 
Barrass, 1979,1984; Stewart and Dale, 1981, 1989;
Longden, 1982; S tewart, 1982; R e iss , 1985; Cho,Kahle & 
Nordland, 1985 ).These workers were in te r e s te d  in  the 
problems tha t s tu d en t ’ s have in  the understanding o f
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g e n e t ic s .  The problems id e n t i f i e d  by these researchers  
r e la t e  to  the va s t  number o f  terms tha t are  used in  
g e n e t ic s  and the i n a b i l i t y  o f  students to  r e la t e  one 
concept to  another.
1 .2 : T E R M IN O L O G Y :
I t  has been suggested (D a ry l l  Evans, 1976) th a t  the va s t  
number o f  terms in  the vocabu lary  o f  g e n e t ic s  can lead  to  
con fus ion , both f o r  students and th e i r  tea ch ers . He found 
s e v e ra l  g e n e t ic s  terms w ith  synonyms in  s ix  "0 " l e v e l  
tex tbooks he stud ied  -  in  some cases the synonyms were used 
in  the same book. He proposes tha t there  should be ju s t  
one term f o r  each o b je c t  or  idea . Barrass (1979) argues 
tha t b io lo g y  is  over loaded  w ith  te ch n ic a l  terms. They may 
presen t a b a r r i e r  to  e f f e c t i v e  communication, e s p e c ia l l y  
when used when they  are  not needed. Barrass (1984) a lso  
b e l i e v e s  tha t the use o f  unnecessary terms leads  to  
m isconceptions and misunderstanding by p u p i ls .  Radford and 
B ird -S tew art (1982) b e l i e v e  tha t a major source o f  
con fus ion  in  g e n e t ic s ,  found not on ly  in  tex tbooks but a lso  
in  GCE exam inations, i s  ambiguous and in c o r r e c t  use o f  
te rm in o lo g y ,
Cho, Kahle & Nordland (1985) assessed the th ree  most w id e ly  
used h igh school b io lo g y  tex tbooks in  Korea f o r  sources o f  
con fus ion  in  g e n e t ic s .  They found tha t in  a l l  th ree  
textbooks m eios is  and g e n e t ic s  were in  separa te  chapters ,
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with  m e ios is  p reced ing  g e n e t ic s .  Each t e x t  used the term 
homozygous( h e te ro zygou s ) in  r e la t i o n  to  genes or a l l e l e s ,  
w h ile  the term dominant( r e c e s s i v e ) was con cep tu a lly  r e la t e d  
to  t r a i t s  or genes. None o f  the tex tbooks r e la t e d  
homozygous( h e te ro zygou s ) to  dominant( r e c e s s i v e ) in  terms o f  
a l l e l e .  They found th a t  the most commonly misused terms in  
the tex tbooks were a l l e l e ,  gene and mutation. A l l e l e  and 
gene were used in te rch angeab ly  in  a l l  o f  the tex tbooks 
analysed. Cho e t  a l  (1985) s ta te  tha t,
"A l th o u g h  th e  i n c l u s i v e  r e l a t i o n s h i p  o f  a l l e l e  w i th  
gene may be u n d e r s t o o d , the  i n t e r c h a n g e a b l e  usage o f  
th o s e  terms w i th o u t  p r e c i s e  d e f i n i t i o n s  may l e a d  t o  
m is u n d e r s ta n d in g . I n  a d d i t i o n , i f  s tu d e n ts  do n o t  
r e a l i s e  t h a t  an a l l e l e  r e f e r s  t o  one o f  s e v e r a l  
p o s s i b l e  fo rm s  o f  a gene ,  th e y  may h o l d  th e  p r e v a l e n t  
m is c o n c e p t i o n  t h a t  e v e r y  gene has o n l y  two a l l e l e s  and 
t h a t  o n ly  one gene  i s  r e s p o n s i b l e  f o r  a g i v e n  
p h e n o ty p i c  t r a i t . ”
Cho e t  a l  (1985) concluded th a t  the m isconceptions held  by 
the students were commonly r e la t e d  to  fou r major fa c t o r s :
a) The sequence th a t  the to p ic s  were taught in .
b) The r e la t io n s h ip  between m eios is  and g e n e t ic s  and a s e t  
o f  r e la t io n s h ip s  among the concepts which are bas ic  to  
understanding m e ios is  and g e n e t ic s .
c )  The use o f  terms.
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d) The mathematical elements in  g e n e t ic s  ( la c k  o f  
understanding o f  p r o b a b i l i t y  and the l im i t a t io n s  o f  the 
Punnett squ are ).
There were v e ry  s im i la r  problems and d isc rep an c ies  found to  
e x is t  in  the t e x t  books recommended f o r  the students who 
took p a rt  in  t h is  research  and the p o ss ib le  con fus ion  th a t  
may have r e su lte d  from using these te x ts  w i l l  be cons idered  
in  Chapter 4.
The problem w ith  nomenclature, symbols and u n its  has been 
long recogn ised  by many teach ers . In response to  numerous 
requests  from members, the In s t i t u t e  o f  B io lo g y  (IO B ), in  
con junction  w ith  the A s s o c ia t io n  f o r  Science Education and 
the Secondary Examination Council, se t  up a w ork ing-party  
to  produce a re p o r t  on recommended nomenclature, u n its  and 
symbols f o r  use in  b i o l o g i c a l  secondary education  in  
schools  and c o l l e g e s .  The r e p o r t ,  pub lished  in  1989, 
attempts to  produce a r a t io n a l  s e t  o f  gu id e l in e s  c o n s is ten t  
w ith  contemporary p r a c t ic e ,  f o r  to p ic s  such as water  
r e l a t i o n s , c l a s s i f i c a t i o n  and g e n e t i c s .
On page 25 i t  s ta te s  th a t ,
"most o f  th e  d i f f i c u l t i e s  e n co u n te re d  i n  u n d e rs ta n d in g  
g e n e t i c s  a t  s e con d a ry  l e v e l  r e l a t e  t o  n o m e n c la tu r e "
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The rep o r t  o f f e r s  s p e c i f i c  recommendations. This i s  
c e r t a in ly  a s tep  in  the r ig h t  d i r e c t io n  but , as the IOB 
would be the f i r s t  to  admit, i t  has not so lved  a l l  the 
problems. For example t h e i r  recommendation f o r  l in kage  
nomenclature may w e l l  cause more problems than i t  s o lv e s !  
The examining boards have agreed to  adopt the 
recommendations o f  the IOB and no doubt the p u b lish ers  o f  
b io lo g y  tex tbooks w i l l  f o l l o w  s u i t .
1 .3 : C O N C E P T  R E L A T IO N S H IP S .
(The A b i l i t y  t o  connect one concept to  an o th e r ) .
Many workers ( D a rry l l -E va n s , 1981; Stewart and Dale, 1981; 
S tewart, 1982 & 1983; Thomson and S tewart, 1985;
Longdon, 1982; and Tolman, 1982) have shown tha t students 
have d i f f i c u l t y  r e la t in g  the actua l behaviour o f  
chromosomes during m e ios is  to  the concepts o f  random 
assortment and s eg reg a t io n , s ta ted  in the Laws o f  Mendelian 
G enetics . Stewart (1982) in v e s t ig a te d  the weak
understanding o f  the r e la t io n s h ip  o f  m e io t ic  d i v i s io n  to  
monohybrid and d ih yb r id  c rosses . A l l  students used a 
Punnett square method when s o lv in g  monohybrid problems but 
could not ex p la in  why they  c a r r ie d  out p a r t i c u la r  
procedures during the problem s o lv in g .  Th is confirmed 
prev ious  f in d in g s  o f  Stewart and Dale (1981) tha t the 
students can g e t  the r i g h t  answers to  g e n e t ic s  problems 
w ithout understanding why they are r ig h t .  Indeed Cho,Kahle 
and Nordland (1985) p o in t  out th a t  because tex tbooks have
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c o n v en t io n a l ly  adopted the nomenclature RrYy X RrYy ( f o r  
example) and ap p lied  i t  to  Punnett square e x e rc is e s  
students may w e l l  be ab le  to  construct gamete types BUT 
they have d i f f i c u l t i e s  w ith  a l l e l i c  s eg rega t ion  and 
assortment s in ce  the Punnett square approach does not 
demonstrate e x p l i c i t  r e la t io n s h ip s  o f  a l l e l e s  w ith  a gene 
or genes w ith  a chromosome. In  o th er  words, as Stewart and 
Dale (1981) would say, the students can ge t  the r ig h t
answers but not understand why.
One o f  the reasons f o r  the students* i n a b i l i t y  to  c o r r e c t l y  
exp la in  p a r t ic u la r  procedures could be tha t they have not 
experienced  meaningful le a rn in g ,  ju s t  r o te  lea rn in g  
(Ausubel, 1968; Novak, 1978). An a d d it io n a l  reason, as 
shown by o ther research  (Osborne and W ittro ck , 1983) and 
confirmed by th is  research , i s  tha t t h e i r  m isconceptions 
have not been id e n t i f i e d  and cha llenged  and have,
th e r e fo r e ,  p e r s is t e d .
1 .4 : M E T H O D S  T O  ID E N T IF Y  M IS C O N C E P T IO N S :
A common means o f  ob ta in in g  in form ation  about student 
m isconceptions has been through in te rv iew s  w ith  in d iv id u a l  
students. Osborne and G i lb e r t ,  (1979 & 1980); G i lb e r t ,  
Watts and Osborne, (1985) descr ibed  an in te r v ie w  format 
using a s e t  o f  s p e c ia l l y  des igned cards which they  c a l l e d  
the In te rv ie w  about Instances technique ( I A I ) .  In o u t l in e
th is  technique c o n s is ts  o f  tap e -  recorded d iscuss ions
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between the resea rch er  and a student, using a s e t  o f  cards 
and focu s in g  on the a p p l ic a t io n s  o f  a s in g le  word. A card 
c o n s is ts  o f  a l in e  drawing o f  a s i tu a t io n  which may, or may 
not, rep resen t an example o f  the a p p l ic a t io n  o f  the word. 
For example, f o r  the word f o r c e ,  there  i s  a card w ith  an 
i l l u s t r a t i o n  o f  a person c y c l in g .  The in fo rm ation  on the 
card s ta te s  tha t th ere  are  no brakes, no p e d a l l in g  and that 
the b ike  i s  s low ing down. The question  asked i s :  " I s  t h e r e
a f o r c e  on the  b i k e ? " .  For each word th e re  are between 13 
and 20 cards. I t  was f e l t  by G i lb e r t ,  Watts and Osborne 
(1985) tha t the concepts tha t  could most u s e fu l l y  be 
in v e s t ig a te d  using the IA I  method were concepts tha t had 
meanings, or  a t  l e a s t  a s s o c ia t io n s ,  in  everyday language, 
f o r  example F o r c e  and Work. They were not c e r ta in  tha t the 
technique would be v e ry  u se fu l w ith  v e ry  a b s tra c t  concepts 
w ith  no meaning in  everyday language, f o r  example P h o to n ,  
E l e c t r o n - O r b i t a l  and M o l a r i t y .
Other methods in v o lv e  the use o f  m u lt ip le - c h o ic e  t e s t s  
(Tamir,1971: Halloun and H e s te r ie s ,  1985: Haslam and
Treagust, 1987) and d iscu ss ion s  in  small groups (G i lb e r t  
and Pope, 1986).
An obvious problem o f  in d iv id u a l  student in te r v ie w s ,  as fa r  
as the teach er i s  concerned, i s  tim e. However, fo l lo w in g  
the workshop designed by Osborne and G i lb e r t  (1979 ), one 
teach er t r i e d  d iscu ss ing  a la r g e  number o f  everyday 
instances  b e fo re  in trod u c in g  a formal statement
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( d e f i n i t i o n )  o f  a concept to  her f i f t h  form c la s s .  She 
f e l t  th a t  the e f f o r t  she had made had been v e r y  worth 
w h ile .  In  genera l however la ck  o f  time i s  o f te n  the reason 
g iven  f o r  the u se fu lness  o f  the p en c i l  and paper m u lt ip le  
cho ice  t e s t  as an a l t e r n a t i v e  (Haslam and Treagust, 1987).
The use o f  a d ia g n o s t ic  t e s t  o f  some kind, b e fo re  and a f t e r  
com pletion  o f  a s p e c i f i c  s c i e n t i f i c  t o p ic ,  would a l low  the 
sc ience  teach er  to  ob ta in  c l e a r e r  ideas about the nature o f  
s tu d en ts5 knowledge and m isconceptions in  tha t t o p ic .  I f  
m isconceptions are  more r e a d i l y  i d e n t i f i a b l e  then the 
teach er w i l l  be more in c l in e d  to  remedy the problems by 
deve lop ing  and/or u t i l i s i n g  a l t e r n a t i v e  teach ing  approaches 
which address t h e i r  s tu d en ts ’ m isconceptions (T reagu st, 
1988) .
1 .5 : C O N C E P T U A L  C H A N G E .
Research on concepts, m isconceptions and conceptual change 
has shown tha.t th e re  are major problems in  the teach ing  o f  
s c ien ce .  One o f  these problems i s  tha t the in f lu en ce  o f  
c h i ld r e n ’ s p r i o r  knowledge on t h e i r  le a rn in g  o f  sc ience  has 
been underestim ated (Osborne and W ittrock , 1983).
This p r i o r  knowledge i s  fr e q u e n t ly  in  c o n f l i c t  w ith  the 
accepted s c i e n t i f i c  v iew  that is  to  be taught. I f  th is  
c o n f l i c t  i s  unreso lved , or  not even p e rce ived  as a c o n f l i c t  
by the student and/or the teach er , then lea rn in g  o f  the
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accepted  v iew  i s  in h ib i t e d .  So i t  seems obvious tha t the 
f i r s t  and most important task  in  teach ing  i s  to  i d e n t i f y  
the m isconceptions held  by the students. The students must 
then be made aware o f  t h e i r  concepts b e fo re  being 
con fron ted  w ith  the accepted  s c i e n t i f i c  concept: c o n f l i c t
must be in troduced and then re so lv ed  so tha t the student 
r e j e c t s  the o r i g in a l  concept and rep la ces  i t  w ith  the new 
s c i e n t i f i c  concept. D r iv e r  and Scanlon (1988) se t  up a 
research  programme in  order  to  t r y  and understand the 
process o f  conceptual change b e t t e r  and to  d ev is e  and t e s t  
ways in  which such a change could be promoted in  classroom 
teach in g . I t  i s  t h e i r  b e l i e f  tha t having i d e n t i f i e d  the 
p r io r  conceptions o f  the c h i ld re n  i t  i s  necessary  to  d e v is e  
" in t e r v e n t io n  s t r a t e g i e s " to  promote conceptual change.
S evera l workers have proposed s t r a t e g ie s  f o r  conceptual 
change. Posner, S t r ik e ,  Hewson and Gertzog (1982) c a l l  
such change Accommodation. They s ta te  tha t in  o rder f o r  
accommodation to  o c cu r :-
1) th e re  must be d i s s a t i s f a c t i o n  w ith  e x is t in g  
con cep ts ,
2) a new concept must be i n t e l l i g i b l e .
3) a new concept must appear i n i t i a l l y  p la u s ib le .
4) a new concept should suggest the p o s s i b i l i t y  o f  a
f r u i t f u l  research  programme ( i t  should have the 
p o t e n t ia l  to  be extended, to  open up new
areas  o f  in q u ir y )
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These con d it ion s  , f o r  conceptual change are agreed by 
Osborne and W ittrock  (1983 ). I t  i s  t h e i r  b e l i e f  that any 
teach ing s t r a t e g y  must aim to  c rea te  conceptual c o n f l i c t  
f o r  the s tu den t-th a t  i s ,  the student must ’ s e e ’ tha t t h e i r  
c o n c ep t (s )  d i f f e r  from the te a c h e r ’ s c o n c ep t (s )  b e fo re  the 
m isconception  can be re s o lv e d .
The idea  tha t c o n f l i c t  in  a s tu d en t ’ s mind i s  l i k e l y  to  
lead  to  le a rn in g  is  not new. Nussbank and Novick (1982) 
po in ted  out tha t the f i r s t  c r u c ia l  step in  an in s t ru c t io n a l  
s t r a te g y  f o r  f a c i l i t a t i n g  accommodation should be making 
eve ry  student aware o f  h is  own m isconceptions.
Students a re , q u ite  o f t e n ,  not even aware o f  the e s s e n t ia l  
elements o f  t h e i r  own conceptions and, as a r e s u l t ,  they 
may not be bothered by any in con s is ten cy  between new 
ev idence and th e i r  own id eas . O ften  no r e a l  problem is  
sensed and so there  i s  no awareness o f  the need f o r  
accommodation!
I t  th e r e fo r e  seems v e ry  important tha t the f i r s t  step  in  an 
in s t ru c t io n a l  s t r a te g y  f o r  conceptual change i s  to  make 
students aware o f  t h e i r  own m isconceptions (Nussbaum and 
Novick 1982). This i s  a p o in t  tha t i s  agreed by Champagne, 
Gunstone and K lo p fe r  (1983 ). I t  i s  t h e i r  b e l i e f  that in 
o rder  to  le a rn  a new concept, a pu p il must be a c t i v e l y  
in vo lv ed  in  the process  o f  reshaping and r e s t ru c tu r in g  
t h e i r  knowledge. The s ta r t in g  po in t  in  conceptual change
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i s  the s tu d en t ’ s knowledge which, although o f t e n  im prec ise , 
p o o r ly  d i f f e r e n t i a t e d  and d i f f e r e n t  from the intended 
s c i e n t i f i c  knowledge, has been considered  accep tab le  by the 
s tu d en t.
Nussbaum and Novick (1982) se t  up a s t r a t e g y  which 
con s is ted  o f :
a ) s e t t in g  up an exposing event (phase 1)
b) encouraging students to  d escr ib e  c l e a r l y  t h e i r  own 
preconceptions (phase 2)
c )  s e t t in g  up a d iscuss ion  o f  the d i f f e r e n t  
p reconceptions o f  a l l  o f  the students (phase 3)
d) c r e a t in g  a "d is c rep a n t"  even t, which c rea te s  
c o n f l i c t ,  and supporting the students in  t h e i r  search 
f o r  a s o lu t io n  -  accommodation (phase 4 ) .
Hewson and Beckett-Hewson (1984) a lso  see the importance o f  
conceptual c o n f l i c t  and agree w ith  the ideas o f  Posner e t  
a l (1982), tha t f o r  conceptual change to  occur a new 
conception  must be i n t e l l i g i b l e ,  p la u s ib le  and f r u i t f u l .  
They argue tha t  the main p o in t  f o r  teach ing  or in s t ru c t io n  
i s  to  show tha t the s tu den t ’ s m isconception  is  not 
p la u s ib le  w h ile  s im ultaneously  in creas in g  the p l a u s i b i l i t y  
o f  the new concep tion . T h e ir  teach ing  s t r a te g y  is  
e s s e n t i a l l y  s im i la r  to  tha t o f  Nussbaum and Novick  (1982) 
in  tha t i t  in v o lv e s  d iagn os is  ( i d e n t i f i c a t i o n  o f  a 
m isconception ) and exchange (c r e a t io n  and r e s o lu t io n  o f  the 
conceptual c o n f l i c t ) .
t
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R ecen t ly  D rey fu s , Jungwirth and E l io v i t c h  (1990) have looked 
a t the p r a c t i c a l i t i e s  o f  s e t t in g  up some s o r t  o f  conceptual 
c o n f l i c t  f o r  students. They in v e s t ig a te d  th ree  b i o l o g i c a l  
concepts and used the technique o f  in v i t in g  c o n f l i c t  by 
d i r e c t  qu est ion in g  o f  the students. They c l a s s i f i e d  
student knowledge as fo l lo w s :
1 Experience-bound knowledge (common sense or
i n t u i t i v e l y  na ive  knowledge) 
or 2 C u ltu ra l knowledge ( fo rm a l knowledge, someone
e l s e ’ s in te r p r e t a t io n  o f  the World)
They found tha t v e ry  o f t e n  the students* concepts seemed 
’ r e a l*  to  the students whereas those o f  the teach er lacked 
r e a l i t y  and they th e r e fo r e  were not committed to  them. 
They p r e fe r r e d  t h e i r  own concepts which they found more 
com fo rtab le . A t y p i c a l  response noted by these workers was 
tha t a student s im ply agreed w ith  the resea rch er  because 
they " must know b e t t e r 11. They a lso  noted tha t b r ig h t ,  
su ccess fu l students en joyed the c o n f l i c t ,  whereas 
unsuccessfu l students d id  not, they ju s t  f e l t  anxious and 
th rea ten ed .
Indeed, as po in ted  out by G i l -P e r e z  and Carras Cosa (1990) 
even teachers  ge t  upset when they f in d  out tha t what they 
thought o f  as "o b v io u s ly  c o r r e c t "  i s  wrong.
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Dreyfus e t  a l  (1990) b e l i e v e  tha t the students may be 
hanging on to  t h e i r  m isconceptions because the teachers  are 
attem pting to  ex p la in  concepts tha t are beyond the 
c o g n i t iv e  l e v e l  o f  the students. Indeed, th is  was a lso  the 
op in ion  o f  G askell (1973, Shayer and Wylam (1977 ), Novak 
(1978) and Simpson and Arnold (1982).
Dreyfus e t  a l  (1990) are c e r t a in l y  o f  the op in ion  tha t 
conceptual change cannot occur unless students are  taught 
d i f f e r e n t l y  to  the way tha t they are taught a t  p resen t.
Simpson and Arnold  (1982) b e l i e v e  tha t the approach or 
route taken through a p a r t i c u la r  to p ic  has no e f f e c t  on the 
lea rn in g  outcome but the a v a i l a b i l i t y  o f  ’ p r e r e q u is i t e  
concep ts ’ does. Indeed, Halloun and Hestenes (1985) found 
that the amount o f  knowledge gained by students o f  physics  
was the same under 4 d i f f e r e n t  le c tu r e r s .  Th is , they say, 
i s  c o n s is ten t  w ith  the obse rva t ion  among physics  
in s t ru c to r s  that the most strenuous e f f o r t s  to  improve 
in s t ru c t io n  h ard ly  seems to  have any e f f e c t  on genera l 
student performance. Th is i s  because, accord ing to  Halloun 
and Hestenes (1985 ), the in s t ru c to r s  do not know what the 
students concepts a re .
There i s  a dilemma then. The researchers  a l l  seem to  agree 
tha t i t  i s  important th a t  teachers  are made aware o f  
student m isconceptions. The problem i s  what to  do about 
them.
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Some (Nussbank and Nov ick , 1982; Osborne and W ittro ck , 
1983; Posner e t  a l , 1982; Hewson and A ’ Beckett-Hewson,
1984; Dreyfus e t  a l ,  1990; G i l -P e r e z  and Carrascosa, 1990) 
f e e l  tha t  a new teach ing  s t r a te g y  must be des igned to  d ea l 
w ith  and r e s o lv e  these m isconceptions. Indeed Champagne, 
K lo p fe r  and Gunstone (1982) go as fa r  as to  say th a t  
student m isconceptions a r e ; -
■ 's u r p r i s in g ly  r e s i s t a n t  t o  change i n  response  t o
t r a d i t i o n a l  i n s t r u c t i o n . "
Severa l workers have proposed va r iou s  teach ing  s t r a t e g ie s  
in  an attempt to  improve s tu d en ts ’ understanding o f  
g e n e t ic s  (Walker, Hendrix and Mertens, 1980; Radford and 
B ird -S te w a r t , 1982; Thompson and Stewart, 1985; Cho, Kahler 
and Nordland, 1985 and Pearson and Hughes, 1986a & 1986b).
Walker e t  a l  (1980) developed  and te s te d  a f i v e -  u n it  
sequence o f  s e l f  in s t ru c t io n a l  m a te r ia ls  t r e a t in g  s e le c t e d  
p r in c ip le s  o f  Mendelian G enetics . This s e l f - l e a r n in g  guide 
was designed to  f a c i l i t a t e  a s tu d en t ’ s a b i l i t y  to  app ly  
formal (P ia g e t ia n )  o p e ra t io n a l  thought p a tte rn s  to  problems 
re q u ir in g  Mendelian g e n e t ic  a n a ly s is .  The authors ex p la in  
tha t the P ia g e t ia n  bas is  o f  the sequencing in  the s e l f  
le a rn in g  guide was because they b e l ie v e d  tha t  p e r io d ic ,  
ch a llen g in g  but s o lv a b le  questions and problems would 
produce a mild s ta te  o f  d is e q u i l ib r iu m  in  the student. The 
student would independently  a l t e r  t h e i r  reason ing p a tte rn s
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in  a ttem p tin g  to  a s s im i la t e  th e  new d a ta .
"The r e s o l u t i o n  o f  s m a l l  c o n t r a d i c t i o n s  hy the  s tu d e n t  
can l e a d  t o  accommodation th a t  s l i g h t l y  a l t e r s  the  
e x i s t i n g  menta l  s t r u c t u r e s . "
Walker e t  a l  (1980) found tha t t h e i r  l o g i c a l  sequencing o f  
in s t ru c t io n a l  m a te r ia ls  d id  indeed f a c i l i t a t e  the students* 
a b i l i t y  to  apply P ia g e t ia n  formal thought p a tte rn s  to  
g e n e t ic  a n a ly s is .
Radford and B ird -S tew art (1982) simply put forward some 
minor changes to  the way the su b jec t  was taught. For 
example, they  suggested a movement away from the h i s t o r i c a l  
approach to  the teach ing  o f  Mendelian g e n e t ic s .  They a lso  
s tre ssed  tha t i t  was important to  avo id  ambiguous and 
in c o r r e c t  use o f  g e n e t ic  te rm ino logy . They do not t e s t  
t h e i r  suggestions  but s im ply p o in t  out tha t i f  teachers  
adopted t h e i r  ideas
" . . i t  m igh t  l e a d  t o  a s i g n i f i c a n t  improvement  i n  the  
l e v e l  o f  u n d e rs ta n d in g  by p u p i l s . "
Thomson and Stewart (1985 ), concerned about the numbers o f  
students who e i t h e r  could not s o lv e  simple d ih yb r id  cross  
problems or who cou ld , w ithout understanding why, dev ised  
an a lgo r ith m . Th is a lgo r ithm  could be used to  s o lv e  simple 
mono- through to  N-hybrid  crosses  in v o lv in g  simple
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dom inance/recessiveness, codominance and m u lt ip le  a l l e l e s  
(ABO blood system) in h e r itan ce  p a tte rn s .  L ike  any 
a lgo r ithm  i t  cou ld , when p ro p e r ly  executed, lead  to  the 
c o r r e c t  (a lthough  not n e c e s s a r i ly  m ean ingfu l) answer. 
Thomson and Stewart (1985) cons idered  two types o f  
d i f f i c u l t i e s  th a t  the students may exper ience  in  s o lv in g  
bas ic  g e n e t ic s  problems. One, tha t some aspect o f  the 
a lgor ithm  may be in c o r r e c t l y  executed, o f t e n  because the 
conceptual knowledge o f  b io lo g y  which u n d e r l ie  the 
a lgorithm  was m iss ing, and two, tha t the a lgo r ith m  was 
c o r r e c t l y  executed and a c o r r e c t  answer ob ta ined  but the 
students had not learned  the conceptual b io lo g y  underly ing 
the a lgor ithm .
A na lys is  o f  the s tu d en ts ’ responses using t h e i r  o r i g in a l  
a lgor ithm  showed e r ro rs  in  determ in ing p a ren ta l genotypes 
(having two symbols rep resen t in g  a s in g le  a l l e l e )  and the 
production  o f  gametes w ith  two symbols, so tha t in  a 
Punnett square th e re  would be fou r symbols per o f f s p r in g  
square. They a lso  found tha t  none o f  the students had an 
adequate understanding o f  m e ios is ,  independent assortment 
o f  chromosomes, or  o f  how m e ios is  was r e la t e d  to  g en e t ic s  
problem s o lv in g .  As a r e s u l t  o f  t h e i r  resea rch  they made 
changes to  the a lgo r ithm .
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Thomson and S tew a rt (1985 ) s t a t e  th a t ;
" . . t h e  p r im a r y  assumpt ion  u n d e r ly in g  th e s e  changes i s  
t h a t  s tu d e n ts  a re  ca p a b le  o f  l e a r n i n g  t h i s  s u b j e c t  
more m e a n i n g f u l l y  i f  th e  i n s t r u c t i o n  i s  e x p l i c i t l y  
d es ign ed  t o  f u r t h e r  t h i s  g o a l . "
The a l t e r a t io n s  were thus aimed at one o f  two th in gs , 
f i r s t l y ,  making the procedura l steps o f  the a lgo r ithm  more 
e x p l i c i t  and, second ly , making the r e la t io n s h ip  between the 
conceptual knowledge o f  m e ios is  and the procedura l steps o f  
g e n e t ic s  more e x p l i c i t .  By r e w r i t in g  the t e x t  m a te r ia ls  
and study questions Thomson and Stewart (1985) moved 
towards the development o f  meaningful le a rn in g .
Cho, Kahle and Nordland (1985) suggested a *p s y c h o l o g i c a l  
s e q u e n c e f o f  in s t ru c t io n .  The sequence would be, g e n e t ic s ,  
m eios is  and chromosome theory . They a lso  suggest tha t  th is  
sequence may be extended to  inc lude p ro te in  syn th es is .  
Along w ith  the proposed sequence Cho e t  a l  (1985) designed 
a teach ing  s t r a te g y  tha t in vo lv ed  s p e c i f i c  diagrammatic 
re p res en ta t ion s  f o r  each conceptual area in  the sequence. 
Although th is  s t r a te g y  was not a c tu a l ly  t e s te d  Cho e t  a l  
(1985) suggest tha t to g e th e r ,
" . . t h e s e  two p ro p o s e d  i n s t r u c t i o n a l  changes may reduce  
s tu d e n t  m i s c o n c e p t i o n s  abou t  g e n e t i c s  and i n c r e a s e  
s tu d e n t  l e a r n i n g  o f  g e n e t i c s . "
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Pearson and Hughes (1986a & 1986b) used the cu rren t A L eve l 
t e x ts  to  produce a g lo s s a ry  o f  g e n e t ic s  terms. They then 
used the terms as concepts and organ ised  them in to  th ree  
concept maps: -
1) The p r in c ip le s  o f  in h e r ita n ce .
2) M olecu lar g e n e t ic s .
3) Popu la tion  g e n e t ic s .
They then (1986b) attempt to  use these maps to  sequence the 
teach ing o f  g e n e t ic s .  However as Pearson and Hughes 
(1986b) s ta te  them selves i t  i s  the PROCESS o f  drawing 
concept maps tha t i s  im portant, not the r e s u l t in g  product. 
They then go on to  s a y : -
"The t e a c h in g  and l e a r n i n g  o f  g e n e t i c s  i s  a complex  
p r o c e s s  which r e q u i r e s  c a r e f u l  p l a n n in g  by the  
t e a c h e r . T h is  p la n n in g  canno t  take  p l a c e  i n  i s o l a t i o n  
f rom  the  a t t i t u d e s  and s k i l l s  t h a t  the  s tu d e n t  has 
a c q u i r e d  bo th  f o r m a l l y  and i n f o r m a l l y . . . . . . . .  the
sequence a r r i v e d  a t  a f t e r  mapping i e  o n l y  one o f  many 
a l t e r n a t i v e s  and the  r o u t e  taken th rou gh  the  map 
shou ld  n o t  be c o n s id e r e d  f i x e d . , . ,  There  i s  a 
m u l t i p l i c i t y  o f  t e c h n iq u e s  a v a i l a b l e  f o r  t e a c h in g  
g e n e t i c s  and th e  s c i e n t i f i c  and e d u c a t i o n a l  l i t e r a t u r e  
i s  a r i c h  s o u r c e  o f  t h e s e .  "
23
h ig h l ig h te d  how concept mapping can he lp  p u p ils  examine 
t h e i r  a p p re c ia t io n  o f  the r e la t io n s h ip  between the concepts 
they have not a c tu a l ly  go t  much fu r th e r  in  deve lop ing  a 
teach ing  s t ra te g y  to  he lp  these students dea l w ith  any 
p o s s ib le  m isconceptions.
Other resea rchers  (Simpson and Arnold , 1982; Halloun and 
Hestenes, 1985) b e l i e v e  tha t any e f f o r t  to  improve 
in s t ru c t io n  has l i t t l e ,  i f  any, e f f e c t  on the lea rn in g  
outcome. As f a r  as they  are  concerned, as long as the 
teacher is  aware o f  the s tu d en ts ’ m isconceptions then, 
b a s ic a l l y ,  the problem i s  so lved .
A lth ou gh  Pearson  and Hughes (1986a & 1986b) have
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The dilemma h ig h l ig h te d  in  the l i t e r a t u r e  rev iew  can be 
addressed by cons id er in g  the fo l lo w in g  two qu est ions ;
1) I s  i t  important f o r  teachers  to  be aware o f  t h e i r  
s tu d en ts5 concepts p r io r  to  s t a r t in g  any in s tru c t ion ?
2) Is  i t  necessary to  a l t e r  the tea ch in g/ lea rn in g  
s t r a t e g ie s  in  any way in  the l i g h t  o f  t h is  knowledge o f  
student concepts?
The research  aims o u t l in ed  below w i l l ,  i t  i s  hoped, p rov id e  
the necessary ev idence to  answer these two quest ions .
1 .6 : RESEARCH AIMS
THE AIMS OF THIS RESEARCH ARE AS FOLLOWS:
1 ) TO DESIGN A DIAGNOSTIC TEST THAT WILL IDENTIFY STUDENT 
CONCEPTIONS IN GENETICS. (CHAPTER 3)
2) TO USE THIS TEST TO ASCERTAIN WHETHER IT  IS IMPORTANT 
FOR TEACHERS AND STUDENTS TO BE AWARE OF ANY MISCONCEPTIONS 
THAT MAY BE PRESENT BEFORE THE GENETICS COMPONENT OF A 
COURSE IS STARTED. (CHAPTERS 5 & 6)
3) TO DESIGN AND DEVELOP A MODEL THAT CAN BE USED TO 
ENCOURAGE CONCEPTUAL CHANGE. (CHAPTER 4)
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4) TO DETERMINE THE EFFECTIVENESS OF VARIOUS TEACHING 
STRATEGIES IN CAUSING CONCEPTUAL CHANGE BOTH WITH, AND 
WITHOUT, THE MODEL, BOTH WITH, AND WITHOUT, PRIOR KNOWLEDGE 
OF STUDENT MISCONCEPTIONS. (CHAPTERS 5, 6 & 7)
5) TO EVALUATE BOTH THE DIAGNOSTIC TEST AND THE MODEL. 
THIS WILL INVOLVE THE DEVELOPMENT OF A STAFF DEVELOPMENT 
PACKAGE TO BE USED IN THIS AND OTHER ESTABLISHMENTS. 
(CHAPTERS 4 & 6)
The r e s u lts  a r is in g  from the AIMS (2 ) and (4 )  should, i f  
su ccess fu l,  go some way to  s o lv in g  the dilemma o f  what to  
do about student m isconceptions. Is  i t  on ly  necessary to  
be aware o f  the m isconceptions or should the teacher 
attempt to  change t h e i r  method o f  in s tru c t ion ?
I t  is  my b e l i e f  tha t once the teacher i s  aware o f  the 
m isconceptions they on ly  need to  modify t h e i r  method o f  
in s t ru c t io n  v e ry  s l i g h t l y .  They ju s t  need a ’ t o o l ’ tha t 
w i l l  a l low  the students to  recogn ise  where t h e i r  problems 
l i e .  An example o f  such a t o o l  is  the Chromosome Model 
tha t w i l l  be descr ibed  in  Chapter 4. The Model can be 
in troduced in to  the in s t ru c t io n  where eve r  and when eve r  
teachers  f e e l  tha t i t  i s  most app rop r ia te  f o r  t h e i r  
p a r t ic u la r  students.
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The range and nature o f  the students in vo lv ed  in  th is  
research  are d escr ib ed  below.
1,7 : The students in vo lv ed .
The research  was c a r r ie d  out between 1987 and 1992 and 
in vo lv ed  the coop era t ion  o f  s t a f f  and students in  fou r 
l o c a l  educa tiona l es tab lishm ents .
GCE A - l e v e l  students
Students were studying a v a r i e t y  o f  sy l lab u ses  (Z oo logy , 
B io lo g y  and Human B io lo g y )  and courses , g iv in g  
op p o r tu n it ie s  to  in v e s t i g a t e  groups w ith  d i f f e r e n t  
backgrounds. The g e n e t ic s  components o f  the d i f f e r e n t  
sy llabuses  are e s s e n t i a l l y  s im i la r .  F u l l - t im e  students 
m ostly study th ree  su b jec ts  a t A - l e v e l .
Z o o lo g y  s tuden ts  a ttended a fu l l - t im e  programme over  two 
years . B io lo g y  s tu d en ts  inc luded  fu l l - t im e  students on a 
tw o-year programme as w e l l  as fu l l - t im e  "R e v is io n ” students 
on a one-year re take  course.
Human B io lo g y  s tuden ts  included both tw o-year and one-year 
students. The one-year course inc ludes some p a rt- t im e  
students (m ostly  doing one su b jec t  a t  A - l e v e l ) .
Entry to  a tw o-year sc ience  programme re q u ire s  5 GCSEs 
(grade C or b e t t e r )  in  r e le v a n t  su b jec ts ,  to  inc lude
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Mathematics and E ng lish  Language. Entry to  one-year 
courses requ ires  6 GCSEs o r  e q u iv a le n t .  One-year students 
may have done an A - l e v e l  course b e fo re  (though not
n e c e s s a r i ly  in the same s u b je c ts )  and a re , on average o ld e r  
than tw o-year students. A t y p i c a l  tw o-year student w i l l  be 
16-18, a t y p ic a l  one-year student w i l l  be 18-19, when 
s t a r t in g  the course.
H igher N a t iona l C e r t i f i c a t e  (HNC) in  A pp lied  B io lo g y
These are p a r t- t im e  students, a ttend ing  one day each week 
over two yea rs , on r e le a s e  from employers. The main 
g e n e t ic s  component i s  covered  in  a C e l l  B io lo g y  un it  and 
s ince  th is  i s  e s s e n t i a l l y  s im i la r  in  conten t to  the
g e n e t ic s  components o f  the A - l e v e l  s y l la b u s es ,  the HNC
students could take p a r t  in  these  s tu d ie s .  The students
a lso  cover  aspects  o f  m ic ro b ia l  g e n e t ic s  but th is  i s  not 
important to  the cu rren t s tu d ies  s ince they would not have 
covered  th is  aspect a t  the time they took p a rt .
P r e - r e q u is i t e  en try  q u a l i f i c a t i o n s  to  HNC inc lude BTEC 
C e r t i f i c a t e  in  Science (B io lo g y ) ;  BTEC N a t ion a l Diploma in  
Sciences (B io lo g i c a l  o p t io n s )  or  A - l e v e l s .  For A - l e v e l  
en try  students are u su a l ly  expected  to  have passed B io lo g y ,  
Human B io lo g y  or Zoo logy  and to  have stud ied  Chemistry to  
A - l e v e l .  A l t e r n a t i v e  en try  q u a l i f i c a t io n s  are a lso  
co n s id e red .
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P r e c is e ly  which students, and how many, took pa rt  in  the 
d i f f e r e n t  experim ents, i s  g iv en  in  the d e t a i l s  o f  each o f  
the m ethodo log ica l d e s c r ip t io n s  f o r  the in d iv id u a l  s tu d ies  
where necessary .
In o rder  to  proceed w ith  the research  a P i l o t  Study was se t  
up to  i d e n t i f y  whether the two main problem areas (o u t l in e d  
in  the l i t e r a t u r e  r e v iew ) o f  term ino logy  and concept 
r e la t io n s h ip s  were a lso  the problem areas o f  the students 
in vo lv ed  in  th is  study.
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C H A P T E R  2 .
T h e  P I L O T  S T U D Y .
2 . 1 : I n t r o d u c t i o n .
The P i l o t  Study was des igned to  i d e n t i f y  whether the two 
main problem areas o f  te rm in o logy  and concept r e la t io n s h ip s  
(as  o u t l in ed  in  the l i t e r a t u r e  r e v ie w ) ,  were a lso  the 
problem areas o f  the students in vo lv ed  in th is  research .
Students were g iven  an A4 sheet on which was drawn a C i r c le  
o f  16 g e n e t ic s  Terms (s e e  Appendix 1 ) .  Each student was 
asked to  draw and number a l in e  between any two o f  the 
terms which the student b e l ie v e d  to  be r e la t e d .  They were 
then asked to  g iv e  an exp lan a t ion  o f  the nature o f  the 
r e la t io n s h ip  between each p a i r  o f  terms. This e x e rc is e  was 
ca r r ie d  out on a second occas ion  w ith  some students in  an 
attempt to  i d e n t i f y  the most r e le v a n t  p a irs  o f  terms whose 
understanding was necessary  to  s o lv e  a simple g e n e t ic s  
problem.
A l l  these terms are o f  course r e la t e d  to  each o th er  in  some 
way. As M r .C liv e  Turner o f  the U n iv e r s i ty  o f  Surrey sa id  
(v e rb a l  communication),
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" T o  me i t s  a l l  one b i g  c o n c e p t , i n t e g r a t e d  on so many 
l e v e l s  t h a t  I  can o n l y  s e p a ra te  them p a r t i a l l y . "
R.Osborne and P .F reyberg  (1985) b e l ie v e  tha t  in  d ea lin g  
w ith  many to p ic s  in  sc ien ce , s c i e n t i s t s  themselves opera te  
a t a number o f  d i f f e r e n t  l e v e l s  o f  exp lan a t ion . I t  is  
important th e r e fo r e  tha t i t  should be considered  what l e v e l  
o f  exp lana tion  students can bes t use a t a p a r t ic u la r  time 
and what l e v e l  t h e i r  teachers  wish to  help  them ach ieve in  
the long run.
Fo llow ing  GCSE i t  would be expected  tha t students would be 
ab le  to  f in d  r e la t io n s h ip s  between the g e n e t ic s  terms that 
they have used in  t h e i r  GCSE B io lo gy .  Consider the 
tex tbook , B io lo g y  For L i f e  by Roberts (1981 ), published by 
Nelson which i s  w r i t t e n  f o r  13 to  16 year o ld s .
In  th is  book the terms are in troduced in  the fo l lo w in g  
order; gene, dominant, r e c e s s iv e ,  chromosome,meiosis, 
gametes, phenotype, genotype, homozygous, heterozygous, 
a l l e l e  (p340-342). Connections are made between the 
fo l lo w in g  terms; phenotype:genotype, genotype:gene, 
homozygous: dominant, homozygous: r e c e s s iv e  and g e n e : a l l e l e .
The exp lanations  f o r  the connections are a lso  g iv en  (p342) 
and are quoted on the fo l lo w in g  page.
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’ . . c a n  d e s c r i b e  a p l a n t  i n  te rms o f  i t s  outward  
appea rance , e . g .  r e d  f l o w e r e d  o r  w h i te  f l o w e r e d .  Th is  
i s  known as i t s  ph en o ty p e .  A l t e r n a t i v e l y  we can 
d e s c r i b e  i t  i n  te rms  o f  the  genes t h a t  i t  c o n t a i n s , 
e . g .  RR, R r  o r  r r .  T h is  i s  known as i t s  g e n o t y p e . ’
’ . .when the  g e n o ty p e  f o r  a p a r t i c u l a r  c h a r a c t e r i s t i c  
c o n s i s t s  o f  two i d e n t i c a l  genes ,  f o r  example RR o r  r r ,  
we say th a t  th e  o rgan ism  i s  homozygous.  I f  the  two 
genes a re  b o th  dom in a n t , th e  o rgan ism  i s  homozygous 
dominant,  i f  th e y  a re  bo th  r e c e s s i v e , i t  i s  homozygous 
r e c e s s i v e . ’
’ . .when the  gen o ty p e  c o n s i s t s  o f  two c o n t r a s t i n g  
genes ,  f o r  example R r ,  we say th e  o rgan ism  i s  
h e t e r o z y g o u s . ’
’ . . g e n e s  such as R and r  which c o n t r o l  the  same 
c h a r a c t e r i s t i c s  but  p ro d u c e  d i f f e r e n t  e f f e c t s  a re  
known as a l l e l e s . ’
(NOTE: having in troduced the term a l l e l e  to  the student, 
s ta t in g  th a t  i t  i s  a term used by g e n e t i c i s t s ,  Roberts 
(1981) goes on to  say th a t  in  the book he w i l l  use the term 
gene o n l y ) .
Given the above i t  would not be unreasonable to  expect 
students to  connect the terms tha t they  have been
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in troduced to .  The studen ts, having connected the terms, 
would then be ab le  to  g iv e  some so r t  o f  exp lana tion  o f  why 
the terms are r e la t e d .
2 . 2 : P A R T  ( a )  O F  T H E  P IL O T  S T U D Y : T E R M IN O L O G Y .
This study was des igned to  in v e s t ig a t e  which, i f  any, o f  
the most commonly used terms in  gen e t ic s  cause p a r t ic u la r  
problems to  students. T w en ty - f iv e  students from GCE 
A - l e v e l  and HNC A pp lied  B io lo g y  courses, in  Educational 
Establishment T, took part  on a vo lu n ta ry  bas is .
The students c a r r ie d  out an e x e rc is e  in  which they were 
asked to  in d ic a te  r e la t io n s h ip s  which they though e x is te d  
between p a ir s  o f  g e n e t ic s  terms. To help the students to  
understand what was requ ired  o f  them they were f i r s t  shown 
a simple diagram and ta b le  con ta in ing  a number o f  everyday 
terms to  do w ith  the weather (See Appendix 2 ) .  In  th is  
example some o f  the terms are  jo in e d  in  p a irs  by numbered 
l in e s  where th ere  i s  a p o s s ib le  r e la t io n s h ip  between them. 
The ta b le  g iv e s  an exp lan a t ion  o f  each o f  the numbered 
r e la t io n s h ip s  from the diagram.
The e x e r c is e  the students were g iven  was e s s e n t ia l l y  
s im i la r .  Each student was g iv en  a se t  o f  in s t ru c t io n s  plus 
s ix te en  g e n e t ic s  terms, arranged at random in  a c i r c l e  on 
a sheet o f  A4 paper. Each student was asked to  draw and 
number a l in e  between any two o f  the terms in  the C i r c le  o f
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Terms which the student b e l ie v e d  to  be r e la t e d .  The 
students were asked to  f i l l  in  a ta b le  o f  t h e i r  numbered 
connections w ith  an exp lana t ion  o f  the nature o f  the 
r e la t io n s h ip s  between each p a ir  o f  terms. They were asked 
to  cons ider  a l l  o f  the terms and to  continue u n t i l  they 
f e l t  tha t they had made a l l  o f  the connections o f  which 
they were aware. (See Appendix 2 ) .  To p reserve  anonymity 
each worksheet was g iv en  a simple code
The e x e rc is e  was c a r r ie d  out in  t h e i r  normal classroom w ith  
th e i r  usual l e c tu r e r ,  f o l lo w in g  a b r i e f  exp lana tion  o f  the 
in s t ru c t io n s  by the re sea rch er ,  and in vo lv ed  them fo r  30-40 
m inutes.
F ive  l e c tu r in g  co l lea gu es  were a lso  asked to  ca r ry  out the 
e x e r c is e .  This gave a "databank" o f  sc ience  t e a c h e rs ’ 
responses w ith  which to  compare those o f  the students.
The l e c tu r e r s  made a t o t a l  o f  58 d i f f e r e n t  connections . Of 
these, 21 were agreed by th ree  or more o f  them (Tab le  1 ).  
These 21 connections a re , th e r e fo r e ,  cons idered  to  be 
important, e s s e n t ia l  and necessary  by the consensus o f  the 
l e c t u r e r s .
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| G e n e t ic s  te rm s  c o n n e c te d  b y  le c t u r e r s  |
Terms conn ected  by a l l  f i v e  l e c t u r e r s
chromosome chromatid
chromosome m eiosis
gene a l l e l e
gametes zygo te
Terms conn ected  by f o u r  l e c t u r e r s
chromosome gene
chromosome d ip lo id
chromosome hap lo id
r e c e s s iv e a l l e l e
heterozygous homozygous
heterozygous a l l e l e
gametes a l l e l e
zygo te d ip lo id
phenotype dominant
phenotype genotype
homozygous a l l e l e
dominant a l l e l e
Terms conn ec ted  by th re e  l e c t u r e r s
r e c e s s iv e dominant
gene genotype
gametes m eios is
homozygous pure breed ing
d ip lo id hap lo id
Table 1 The "databank" o f  sc ience  teachers* responses to  
the C i r c l e  o f  Terms e x e r c is e .
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2.3:  R e s u l t s
The students made between 7 and 24 connections, w ith  an 
average o f  15 connections . One way to  analyse the 
connections made by the students i s  to  lo ok  a t the 
exp lana tions  and see i f  they can be c a te g o r is e d  in to  
p a r t i c u la r  types . When the students* exp lana tions  were 
f i r s t  examined i t  seemed as i f  they could be c a te go r is e d  
simply as c o r r e c t  or i n c o r r e c t .  For example, the 
exp lana tion  g iv en  by student I I P  f o r  connecting chromosome 
and gene  was,
"Genes a re  made up o f  p a i r s  o f  chromosomes"
This exp lan a t ion  is  in c o r r e c t .  Student 2P, on the o ther 
hand, gave a c o r r e c t  exp lana t ion .
"Chromosomes a re  composed o f  many g e n e s "
However, c lo s e r  examination o f  the exp lanations  re vea led  
that th e re  were "d eg rees "  or "o rd e rs "  o f  co rrec tn ess .  
Consider the exp lana tions  o f  th ree  students (4P,5P & 13P) 
f o r  connecting the terms homozygous  and h e te r o z y g o u s :
4P: "homozygous c o n t a in s  one type  o f  g e n e ,
h e te r o z y g o u s  c o n t a i n s  two types ,  r e c e s s i v e  and 
d om in a n t . "
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13P: " terms which I  f i n d  c r e a t e  no v is u a l  image a t
a l l .  "
B io lo g y  teachers  would expect both GCSE and A ’ L eve l 
students to  be aware o f  the r e la t io n s h ip  between these two 
terms. They are  used to  d esc r ib e  the g e n e t ic  c o n s t i tu t io n ,  
or genotype, o f  an organism w ith  respec t to  one or more 
in h e r i te d  c h a r a c t e r i s t i c s .  The terms are among the 21 
connected by th ree  or more o f  the le c tu r e r s .  A reasonably 
f u l l  exp lana t ion  f o r  the r e la t io n s h ip  between the two terms 
might be:
"The genotype o f  an organism can be h e te ro zygou s , 
where the two a l l e l e s  p re s e n t  f o r  a p a r t i c u l a r  
c h a r a c t e r i s t i c  are  d i f f e r e n t , o r  the genotype can be 
homozygous, where the a l l e l e s  p res en t  f o r  a p a r t i c u l a r  
c h a r a c t e r i s t i c  are  the same. "
(A D ic t ion a ry  o f  G enetics , King and S ta n s f ie ld ,  1985)
Student 4P came c lo s e  to  th is  d e f in i t i o n  w ithout being 
com p le te ly  c o r r e c t .  Student 5P i s  not in c o r r e c t ,  but has 
merely p icked up the id ea  tha t the terms are "op p os ite "  to  
some ex ten t .  While unable to  p rov id e  any exp lana tion  fo r  
connecting the two terms, student 13P i s  aware tha t a 
r e la t io n s h ip  e x is t s  between them.
5P: "hom ozygo us  i s  t h e  o p p o s i t e  o f  h e t e r o z y g o u s . "
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The s tu d en ts ’ responses were re-examined and ca te go r is e d  as 
f o l l o w s :
Order 1 A f u l l  and s u b s ta n t ia l ly  c o r r e c t  exp lana tion
Order 2 A p a r t i a l l y  c o r r e c t  exp lana tion
Order 3 A connection  w ith  no adequate exp lana tion
Order X An in c o r r e c t  exp lana tion
To some ex ten t  the exp lanations  g iven  by the l e c tu r e r s  
could a lso  be ca te g o r is e d .  For example, the terms 
heterozygous  and homozygous were connected by fou r  o f  the 
f i v e  l e c tu r e r s  and t h e i r  exp lanations  are g iv en  below.
"homozygous i s  the o p p o s i t e  o f  h e te ro zy g ou s "  (o rd e r  2, 
g iven  tw ic e )
"no d i r e c t  l i n k  but understanding o f  im p l i c a t i o n s  
depends on understanding o f  r e c e s s i v e "  (o rd e r  2)
" t r a i t s  may be e i t h e r  homozygous o r  h e te ro zy gou s "  
( o rder 3)
S ince the le c tu r e r s  f a i l e d  to  g iv e  Order 1 exp lanations  
under the circumstances o f  the e x e r c is e ,  i t  could be argued 
tha t i t  i s  unreasonable to  expect the students to  do so. 
However, i t  i s  a lso  reasonable  to  assume th a t  the le c tu r e r s  
understood a l l  s ix te en  terms and f u l l y  app rec ia ted  tha t 
each term cou ld  be r e la t e d  to  a l l  o f  the o th ers .
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Indeed, le c tu r e r s  2 and 4 wrote ex tra  comments on th e i r  
form s.
L ec tu re r  2: " th e re  are 120 p o s s ib l e  c o n n e c t i o n s "
( from  which the l e c tu r e r  chose  43)
L ec tu rer  4: "some o f  the r e l a t i o n s h ip s  seem o f  a
d i f f e r e n t  o rd e r  to  o t h e r s "
In o th er  words a reasonable  hypothesis  i s  tha t the 
le c tu r e r s  cou ld g iv e  o rder  1 exp lanations  i f  asked to  but 
that not a l l  o f  the students cou ld. This p o in t  is  
addressed l a t e r ,  in  the Development o f  a D ia g n o s t i c  T e s t .
Having ca te g o r is e d  the student responses they can now be 
compared w ith  those o f  the le c tu r e r s  from the bank o f  21 
connections in  ta b le  2.
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Student Responses
21 pairs of terns 
connected by 3 or 
sore of the 
lecturers
Order 1 
Nos.
Order 2 
Nos.
Orders
1+2
X
Order
3
Nos.
Order X 
(Wrong) 
Nos,
Pair
aade
i.e.
1+2+3+X
%
Pair
Not
aade
%
Pair
Not
aade
or
wrong
?!
chroaosoae
chronatid
14 2 64 0 3 76 24 36
chroaosoae I 
aeiosis
8 4 48 0 1 52 48 52
gene  ^
allele
3 0 12 0 14 68 32 88
ganetes
zygote . ................................
12 2 56 1 5 80 20 40
chronosoae I 
gene
12 0 48 0 3 60 40 52
chroaosoae i  
diploid
4 3 28 0 1 32 68 72
chroaosoae Q 
haploid
4 1 20 0 0 20 80 80
recessive 0 
allele
0 2 8 0 0 8 92 92
heterozygous j  
hoaozygous
4 2 24 3 2 44 56 64
heterozygous 0 
allele
1 1 8 0 0 8 92 92
gaietes I 
haploid
4 5 36 0 2 44 56 - 64
zygote i  
dioloid
2 5 28 0 1 32 68 72
phenotype Q 
doainant
3 2 20 0 0 20 80 80
phenotype I 
genotype
7 1 32 2 4 56 44 60
homozygous 0 
allele
1 2 12 0 0 12 88 88
doainant 0 
allele
0 2 8 0 0 8 92 92
recessive
doainant
11 4 60 1 1 68 32 36
gene Q 
genotype
4 0 16 0 6 40 60 84
gaoetes i  
aeiosis
7 0 28 0 2 36 64 72
hoaozygous 
pure breeding
4 12 64 1 2 76 24 32
diploid I 
haploid
8 2 40 1 3 56 44 56
Table 2 A comparison o f the student responses to the Circle o f Terms 
with the science teachers "databank" o f 21 terras.
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The f i r s t  column in  the ta b le  l i s t s  the 21 terms connected 
by th ree  or more o f  the le c tu r e r s  in  the same sequence as 
in  ta b le  1. The le c tu r e r s  made a t o t a l  o f  58 connections 
between the terms. The t o t a l  number o f  combinations i s  
120.
The responses o f  the 25 students are shown a lon gs id e  each 
o f  the p a ir s  o f  terms in  the o th er  e ig h t  columns.
The symbols in the f i r s t  column h ig h l ig h t  the data  in  the 
l a s t  column, showing those p a ir s  o f  terms which were e i th e r  
not connected by the m a jo r i ty  o f  students o r  in c o r r e c t l y  
e x p la in e d :
★ not connected or in c o r r e c t l y  exp la ined  by 50-80% 
o f  the students 
0 not connected or in c o r r e c t l y  exp la in ed  by more 
than 80% o f  the students
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I t  would seem p o s s ib le  tha t the high percen tage o f  students 
not not ing  connections in v o lv in g  r e c e s s i v e , h e te ro zy g o u s , 
homozygous and dominant w ith  a l l e l e  might be exp la ined  by 
t h e i r  making connections between these terms and gene 
in s tead . Table 3 shows th is  not to  be the case, 
p a r t i c u la r l y  w ith  regard  to  heterozygous  and homozygous.
Student Responses
Connections made by 
students with gene 
instead of allele
Order 1 
Nos.
Order 2 
Nos.
Order
3
Nos.
Order X 
(Wrong) 
Nos.
Pair
Not
uade
%
Pair
Not
made
or
wrong
%
recessive
gene
5 6 2 0 48 48
heterozygous
gene
2 2 0 1 80 84
houozygous
gene
2 2 0 1 80 84
dominant
gene
6 6 0 0 52 52
Tab le  3 Students who made connections in v o lv in g  the fou r  
terms r e c e s s iv e ,  h eterozygous, homozygous and dominant w ith  
gene, as opposed to  connections between the same fou r  terms 
and a l l e l e  as shown in  Tab le  2.
The p a ir  o f  terms gene and a l l e l e  posed the g r e a te s t  
problem to  the students, w ith  22 o f  the 25 students e i t h e r  
not noting  a connection  o r  g iv in g  an in c o r r e c t  (o rd e r  X) 
exp lan a t ion . As Tab le  2 shows, 14 o f  the 25 (68%) gave an 
in c o r r e c t  (o rd e r  X) exp lan a t ion , r e v e a l in g  m is c o n c e p t io n s .
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The m isconceptions o f  these 14 students can be d iv id e d  in to  
th ree  genera l types .
Type 1: Genes con ta in  A l l e l e s  (N=10)
Type 2: A l l e l e s  con ta in  Genes (N=2)
Type 3: Genes and A l l e l e s  a re  the same (N=2)
Twenty A - l e v e l  B io lo g y  "R e v is io n ” ( r e ta k e )  students were
then te s t e d ,  to  examine the ex ten t  to  which m isconceptions
might p e r s i s t  fo l lo w in g  A - l e v e l  in s t ru c t io n  in  g e n e t ic s .  
With the e a r l i e r  group o f  students, whose responses are 
g iv en  in  ta b le  2, 17 o f  the 25 (68%) connected the terms 
gene and a l l e l e . However, 14 o f  the 17 who made the
connection  (82%) gave in c o r r e c t  (o rd e r  X) exp lan a t ion s .
By comparison, ra th e r  more re take  students connected the 
terms gene and a l l e l e  (16 o f  the 20 or 80%); n e v e r th e le s s ,  
o f  those who made the connection  a ve ry  h igh p rop o rt ion  (11 
o f  the 16 or 69%) gave in c o r r e c t  (o rd e r  X) exp lan a t ion s , 
showing tha t  m isconceptions had been re ta in ed  d es p ite  A- 
l e v e l  in s t ru c t io n .
The m isconceptions o f  these 11 students could be d iv id ed  
in to  the same th ree  genera l types  as b e fo re .
Type 1: Genes con ta in  A l l e l e s  (N=8)
Type 2: A l l e l e s  con ta in  genes (N = l)
Type 3: Genes and A l l e l e s  a re  the same (N=2)
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This data supports p rev ious  observa tions  (Novak, 1978; 
Osborne and W ittro ck , 1983), tha t in  some cases, 
m isconceptions which were not uprooted by the in s t ru c t io n  
g iv en  become more p r e c is e  and more in te g ra te d  w ith  o th er  
concepts and the s tu d en t ’ s le a rn in g  o f  the accepted  v iew  is  
i n h ib i t e d .
2 .4 : P A R T  ( b )  O F  TH E  P I L O T  S T U D Y : 
C O N C E PT  R E L A T IO N S H IP S .
( i )  S e le c t io n  o f  terms necessary  to  s o lv e  a s im ple g e n e t ic s  
problem.
The o r i g in a l  25 students began the g e n e t ic s  component o f  
t h e i r  course and in  March 1988 they were asked to  ca rry  out 
a second e x e r c is e .  In  th is  they  were asked to  s e l e c t ,  from 
the c i r c l e  o f  terms used p re v io u s ly ,  the ten r e la t io n s h ip s  
which they cons idered  to  be the most important and which 
must be c l e a r l y  understood, in  order to  s o lv e  g e n e t ic s  
problems. They were asked to  exp la in  as f u l l y  as they 
could the nature o f  the r e la t io n s h ip s  between the p a irs  o f  
terms they had s e le c t e d .  These exp lana tions  were
c a te g o r is e d  as b e fo re  as Order 1 ,2 ,3  and X. Twenty o f  the 
students took p a r t .
To determ ine the most " r e le v a n t "  p a ir s  o f  terms whose 
understanding was requ ired  to  s o lv e  g e n e t ic s  problems th is
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e x e rc is e  was a lso  g iv en  to  s ix  le c tu r e r s .  Among them these 
l e c tu r e r s  made a t o t a l  o f  20 connections, o f  which 8 were 
agreed by fou r or more o f  them as in d ica ted  below.
Agreed by a l l  SIX l e c tu r e r s ,  g e n e : a l l e l e ;  Agreed by FIVE 
le c tu r e r s ,  h e te ro zygou s : homozygous and phenotype: geno type ; 
A g reed  by FOUR l e c t u r e r s ,  chrom osom e: g e n e , 
r e c e s s i v e : dominant, gam etes: h a p lo id , gam etes im eios is  and 
homozygous: pure breed ing .
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2.5 : R e s u l t s .
The s tu d en ts ’ responses could now be compared to  those o f  
the le c tu r e r s  as had been done p re v io u s ly  ( t a b le  4 ) .
Pairs of Terms
Student Responses
Not
noted
or
wrong
Order
1
Order
2
Order
3 X
Not
noted
Terms connected by 
a l l  6 lecturers
gene
a lle le
17
(85%)
1 0 2 8 9
Terms connected by 
5 lecturers
heterozygous
homozygous
9
(45%)
2 4 5 3 6
phenotype
genotype
6
(36%)
9 3 2 3 3
Terms connected by 
4 lecturers
chromosome
gene
13
(65%)
4 3 0 0 13
recessive
dominant
8
(40%)
4 1 7 2 6
gamete
haploid
15
(75%)
1 3 1 0 15
gamete
meiosis
13
(65%)
2 3 2 1 12
homozygous 
pure breeding
8
(40%)
4 3 5 1 7
Tab le  4 A comparison o f  the ten  most important 
r e la t io n s h ip s  between p a ir s  o f  g e n e t ic s  terms chosen by 
students w ith  those chosen by l e c tu r e r s .
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Once more a s t a r t l in g  f in d in g  i s  tha t 4 o f  the 8 
connections agreed by the le c tu r e r s  to  be important were 
e i th e r  not made (not noted ) by the students, o r  exp la ined  
in c o r r e c t l y ,  by over 50% o f  the students. Furthermore, the 
terms gene  and a l l e l e , which e ve ry  l e c tu r e r  connected, were 
s t i l l  e i t h e r  not connected or in c o r r e c t l y  exp la ined  by 17 
(85%) o f  the 20 students, o f  whom 8 students gave in c o r r e c t  
exp lan a t ion s . The m isconceptions o f  these 8 students could 
be grouped in to  the th ree  genera l types  as shown 
p re v io u s ly .
Type 1: Genes con ta in  A l l e l e s  (N=5)
Type 2: A l l e l e s  con ta in  Genes (N = l)
Type 3: Genes and A l l e l e s  a re  the same (N=2)
These th ree  types o f  m isconceptions are id e n t i c a l  to  the 
th ree  types tha t were i d e n t i f i e d  in  pa rt  ( a )  o f  the P i l o t  
Study (s e e  page 43 ).
( i i )  the s o lv in g  o f  the simple g e n e t ic s  problem.
Seven o f  the students (5 ,7 ,  I I P  & 4 ,6 ,11 ,12H ), s e le c t e d  by 
th e i r  a v a i l a b i l i t y ,  were each asked in  turn to  so lv e  a 
simple g e n e t ic s  problem on paper (See Appendix 3) w h ile  
th ink ing  aloud. T h e ir  comments were recorded  on audio­
c a s s e t te  tape. The e x e r c is e  was c a r r ie d  out in  a small 
o f f i c e  w ith  ju s t  the student and the author p resen t and 
took approx im ate ly  30 minutes.
47
Each student was asked to  read and study the problem (a  
monohybrid c ro s s )  and, when they  were ready to  begin  t h e i r  
answers, the tape re co rd e r  was switched on. In  each case 
an obse rva t ion  sheet was used to  note t im in gs , the va r iou s  
ac t ion s  o f  the student and in v e s t i g a t o r ,  as w e l l  as any 
comments made upon com pletion  o f  the problem. These sheets 
were used to  a s s is t  in  qu es t ion in g  the students a fterw ards  
about t h e i r  a c t i v i t i e s  during the task . They were a lso  a l l  
asked two standard qu est ions :
1 What p rocess  i s  be ing  c a r r i e d  out t o  g e t  from the  
paren ts  to  the gametes?
2 Be h o n e s t , now, do you e n jo y  g e n e t i c s ?
The l a s t  question  was asked in  o rder to  ga in  some in s ig h t  
in to  the s tu d en ts ’ f e e l in g s  towards g e n e t ic s ,  both at 
school and now in  C o l le g e .
The responses o f  these 7 students to  the e x e r c is e  asking 
them to  s e l e c t  the 10 most important r e la t io n s h ip s  from the 
C i r c le  o f  Terms requ ired  to  s o lv e  a g e n e t ic s  problem was 
compared to  the responses o f  the le c tu r e r s  (s e e  Tab le 5 ) .  
The a b i l i t y  o f  these students to  ob ta in  the c o r r e c t  
s o lu t io n  to  the simple g e n e t ic s  problem se t  was then 
considered  in  the l i g h t  o f  these f in d in g s .
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Terms thought to be 
necessary to be able to 
solve genetics problems
Orders 
given by inc
of Responses 
ividual students
5p 7P 'IIP 4H 6H 11H 12H
Terms connected by a l l  6 
lecturers
gene
a lle le
- - X - - - -
Terms connected by 
5 lecturers
heterozygous
homozygous
3 3 1 X - - -
phenotype
genotype
1 - 1 1 2 - 2
Terms connected by 
4 lecturers
chromosome
gene
- ~ 1 1 - - -
recessive
dominant
1 3 1 - - X -
gamete
haploid
- 1 - - ~ - 2
gamete
meiosis
3 - 1 2 1 - 2
homozygous 
pure breeding
3 - - - - 3 2
Numbers of terms not 
noted or incorrectly 
explained
3 4 3 6 6 7 4
N o te :  In  Table 5 the d i g i t s  1 2 & 3 r e p re s e n t
Orders o f  Responses (see  t e x t )  o f  each s tudent to  
the s e l e c t e d  8 p a i r s  o f  terms. Dash ( - )  and X, 
r e s p e c t i v e l y , denote c o n n ec t ion s  no t  made, o r  
i n c o r r e c t l y  exp la ined .  The l a s t  row, however, 
shows the a c tu a l  number o f  c o n n e c t io n s  no t  made 
o r  i n c o r r e c t l y  e x p la in ed  by each s t u d e n t .
Table 5 The ca tego ry  o f  the students responses f o r  the 
p a ir s  o f  terms cons idered  to  be necessary  by the  l e c tu r e r s  
to  s o lv e  a g e n e t ic s  problem.
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As can be seen from Table 5 a l l  seven students showed some 
d i f f i c u l t y  w ith  the terms. N eve r th e le ss ,  a l l  students 
obta ined  the c o r r e c t  s o lu t io n  to  the g e n e t ic s  problems and 
a l l  (ap a rt  from 5P) were ab le  to  exp la in  tha t  gametes 
con ta in  h a l f  the "normal'1 chromosome number and tha t in  the 
"Tony and Mary" c ross , where both ra b b its  were heterozygous 
( Bb) ,  gametes con ta in ing  B or b would be produced in  equal 
p roport ions  (a  1:1 r a t i o ) .  They e i th e r  r e f e r r e d  simply to  
the l e t t e r s  B or b o r  to  genes B or b.
Even though student 5P d id  not note or  in c o r r e c t l y  
exp la ined  on ly  3 o f  the 8 p a ir s  o f  terms she was ra th er  
confused about the p roduction  and combination o f  gametes, 
and requ ired  some prompting as the fo l lo w in g  e x t ra c t  from 
the audio record in g  shows:
Student 5P
I  What process i s  in vo lv ed  in  producing gametes?
5P F e r t i l i s a t i o n ?
I  No, how do you g e t  the gametes?
5P Oh! . . . . . . .  m ............  m i t o s i s ?  . . . .  m e ios is?
I  Yes, nuclear d iv i s io n ,  but which one?
5P . . . . . . .m e io s is ?  (a  guess?)
I  What i s  the s ig n i f i c a n c e  o f  m eiosis?
5P That you o n ly  g e t  h a l f  the number ( o f  chromosomes)
I  Can you exp la in  the gametes that you have produced
h e r e  f r o m  T on y  and M ary?
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5P Well t h e y ’ ve b o t h - t h e y ’ ve g o t  one o f  each -so  t h e r e f o r e  
t h e r e ’ s a p o s s i b i l i t y  o f  two in  each o f  them in s tea d
o f  Just  one-because (cm) i t s  he terozygous .
I  Two in  each, what do you mean?
5P Well em-they co u ld  have a c h o i c e  o f  e i t h e r  the b ig  B 
o r  the l i t t l e  b.
When the student was asked about gamete com bination : -
5P I t s  J u s t -b o th  o f  them-they j u s t - t h a t  o n e - th e y  both  
Just go with both o f  the o t h e r s . . .
I  go on
5P So i t s  Just  s o r t  o f  a l l  o f  them they go t o g e th e r  wel l  
t h e r e ’ s e m . . . t h e  two o f  Tony’ s w i l l  go with b o th ~ o f  
Mary’ s - I  c a n ’ t  r e a l l y  e x p la in .
Student 11H1 (7/8 o f  terms not noted or in c o r r e c t l y
exp la in ed ) was v e ry  muddled and needed gu id ing  through each 
s tep . He was unsure about the meaning o f  s e v e ra l  terms, 
pure b reed ing , genotype and phenotype and was v e ry  confused 
about the process o f  gamete production  and combination,
A look  a t some o f  the responses to  the f i n a l  quest ion , Be 
honest now, do you e n jo y  g e n e t i c s ?  h ig h l ig h ts  the students 
problems about TERMINOLOGY and CONCEPT RELATIONSHIPS.
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S tu d e n t  11H1
I  d o n ' t  l i k e  i t - I  j u s t  g e t  t o t a l l y  blown out I  Just  d o n ' t  
know what t o  d o . . . I  j u s t  f i n d  i t  em t h e r e ’ r e  ( t h e  te rms)  
a l l  the same. Genotype and phenotype g e t  them, I  c o u ld  
e a s i l y  g e t  them, wel l  I  have, I ' v e  g o t  them mixed up.
Student 12H1
I  d o n ' t  r e a l l y  know i t s  j u s t  so many d i f f e r e n t  th in gs  
o v e r la p p in g  em, so many d i f f e r e n t  words, I  mean genotype  
and phenotype . . . . . you know.
Student I I P
I  e n jo y  i t  but ,  the terms, confused f a c t o r s  th a t  make 
g e n e t i c s  more c o m p l i c a te d !
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The fo l lo w in g  two responses h ig h l ig h ts  the problem o f  the 
a b s tra c t  nature o f  g e n e t ic s .
Student 7P
I  found th a t  I ’m-you know- i f  I ’m l e a r n in g  anyth ing  in  
b i o l o g y , wel l  most th in g s  i n  b io lo g y ,  I  f i n d  easy to  
u n d e rs ta n d - l ik e  i f  I ’m t r y i n g  t o  lea rn  something th a t  I  can 
a c t u a l l y  SEE~em l i k e  you know, an organ, I  f i n d  i t  easy to  
l e a rn ,  but I  found i t  a t  f i r s t  d i f f i c u l t  t o  understand 
g e n e t i c s  because i t s  something th a t  you couldn ’ t  r e a l l y  see 
and i t s  d i f f i c u l t  t o  r e l a t e  i t - t o  em-you know-to something  
v i s u a l .
Student 6H1
yea, I  th in k  i t s  a l o t  e a s i e r  than a l o t  o f  p eo p le  th in k  i t  
i s .  Some p e o p le  j u s t  c a n ’ t  understand why/how i t  a l l  
happens, they c a n ’ t  SEE i t .  I  th in k  i t s  a l o t  o f  th in gs ,  
peop le  j u s t  g e t  mental b lo ck a g e s , tha t  they  c a n ’ t  do i t .
The fa c t  tha t  a l l  the students were ab le  to  ob ta in  the 
c o r r e c t  s o lu t io n  to  the g e n e t ic s  problem even w ith  the 
d i f f e r e n c e s  shown in  Tab le  5, to g e th e r  w ith  the comments 
o u t l in ed  above, supports the f in d in g s  o f  Stewart and Dale 
(1981) tha t students can g e t  the r ig h t  answers to  g e n e t ic s  
problems w ithout understanding why they are  r i g h t .  This
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could be because they  have not exper ienced  meaningful 
le a rn in g ,  ju s t  r o te  le a rn in g  (Ausubel, 1968 and Novak, 
1978).
This chapter has h ig h l ig h te d  the problem w ith  the 
r e la t io n s h ip  between the terms gene and a l l e l e .  I t  has 
a lso  shown th a t  th e re  are p o s s ib le  ’ common’ m isconceptions 
which i f  not i d e n t i f i e d  w i l l  p e r s i s t  through the students 
lea rn in g .  The comments o f  students 11H1, 12H1 and I I P
(page 52) suggest a se r iou s  problem w ith  the te rm ino logy  in  
genera l and the comments o f  students 7P and 6H1 (page 53) 
p o in t  to  the p o s s ib le  nature o f  the problem. That i s  tha t 
g e n e t ic s  i s  ju s t  too  a b s tra c t .  The terms th e r e fo r e  are 
ju s t  la b e ls  but the students have noth ing to  ’ hang t h e i r  
l a b e l s ’ on and because o f  th is  the la b e ls  g e t  mixed up.
2.6 : There were THREE MAIN FINDINGS OF THE PILOT STUDY:-
1) A HIGH PERCENTAGE OF THE STUDENTS DID NOT NOTE 
CONNECTIONS INVOLVING, RECESSIVE, HETEROZYGOUS, HOMOZYGOUS, 
DOMINANT, GENE & ALLELE.
2) WHERE CONNECTIONS WERE NOTED BETWEEN GENE & ALLELE 
THERE WERE THREE POSSIBLE MISCONCEPTIONS IDENTIFIED:-
(a )  Genes con ta in  A l l e l e s
(b ) A l l e l e s  con ta in  Genes
( c )  Genes and A l l e l e s  are the same
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I t  i s  important to  remember th a t  the students on ly  had one 
to  two l in e s  to  s ta te  the nature o f  the r e la t io n s h ip  
between the two terms and so cau tion  must be e x e rc is ed  when 
in te rp r e t in g  d i f f e r e n c e s  in  in te n t io n  and meaning when 
using ’ i n ’ , ’ on ’ and ’ a t ’ . The des ign  o f  the D iagn os tic  
T es t  (d esc r ib ed  in  Chapter 3) attempts to  address th is  
is su e , f i r s t l y  by a l low in g  more room fo r  the students to  
d esc r ib e  the r e la t io n s h ip  and secondly by a l low in g  f o r  
cross  r e fe r e n c in g  o f  the exp lanations  between d i f f e r e n t  
p a ir s  o f  terms, where one o f  the p a ir  i s  ALLELE.
3 ) STUDENTS FELT THAT GENETICS WAS A VERY ABSTRACT SUBJECT.
The next chapter i s  in vo lv ed  in  the des ign  and use o f  a 
d ia gn o s t ic  t e s t .  Th is t e s t  w i l l  e s ta b l is h  whether the 
m isconceptions th a t  may have been id e n t i f i e d  during the 
PILOT STUDY are GENUINE MISCONCEPTIONS and not ju s t  a 
problem o f  in t e r p r e t a t io n  by the resea rch er .
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C h a p t e r  3 .  T h e  T e s t  B o o k l e t  
A  D i a g n o s t i c  T e s t .
3 . 1 : T h e  D e v e l o p m e n t  o f  t h e  T e s t  B o o k l e t .
The P i l o t  Study has shown tha t  students seem to  hold major 
m isconceptions p r io r ,  during and fo l lo w in g  t h e i r  g e n e t ic s  
in s t ru c t io n .
What was needed a t th is  stage  in  the study was a s t ra te g y  
f o r  id e n t i f y in g  whether these m isconceptions r e a l l y  
e x i s t e d .
G iv ing students the ’ C i r c l e  o f  Terms’ as used in  the P i l o t  
S tudies a llow ed students to  avo id  choosing connections 
which they knew e x is t e d  but they  a lso  knew tha t they could 
not cope w ith  the exp lan a t ion s . Indeed th is  cou ld  e a s i l y  
exp la in  why most o f  the 21 connections agreed by the 
sc ience  le c tu re r s  to  be the most important were not chosen 
by the m a jo r ity  o f  the students (Tab les  1 and 2 Chapter 2 ) .  
I t  a lso  on ly  gave students one or two l in e s  to  exp la in  a 
r e la t io n s h ip  tha t they thought e x is te d  between two terms.
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There are s e v e ra l  a l t e r n a t i v e s  a v a i la b le  to  i d e n t i f y  
student m isconceptions.
(1 )  INDIVIDUAL STUDENT INTERVIEWS:
(2 )  MULTIPLE CHOICE TESTS.
(3 )  STRUCTURED QUESTIONS ( PROBLEMS) .
Each a l t e r n a t i v e  was cons idered :
1) The in te r v ie w  form at, known as ’ In te rv ie w  about 
In s ta n c es ’ ( I A I ) ,  deve loped  by Osborne and G i lb e r t  (1980) 
p rov ided  some v e ry  va lu a b le  in fo rm ation  about student 
m isconceptions. However, as G i lb e r t ,  Watts and Osborne 
(1985) s ta te  them selves, the concepts tha t could most 
u s e fu l ly  be in v e s t ig a te d  using the IA I  method were concepts 
tha t had meanings in  everyday language. They were not 
c e r ta in  tha t the technique would be ve ry  u se fu l w ith  v e ry  
a b s tra c t  concepts. The terms in  g e n e t ic s ,  w ith  the 
p o s s ib le  excep t ion  o f  dom inant/recessive , have no r e a l  
meaning in  everyday language and are th e r e fo r e  a b s tra c t .
The fa c t  tha t students f e l t  tha t g e n e t ic s  was a v e ry  
a b s tra c t  su b jec t  was one o f  the f in d in g s  o f  the P i l o t  
study. The academic l e v e l  o f  the students to  be t e s te d  (a t  
A ’ L eve l  the students w i l l  be expected  to  be ab le  to  express 
t h e i r  ideas c l e a r l y  in  w r i t in g )  as w e l l  meant th a t  the IA I  
technique could not be u s e fu l l y  used in  th is  research .
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2) Tamil*’ s (1971) work on m u lt ip le  cho ice  t e s t s  was 
in n ova t iv e  in  tha t the d is t r a c t e r s  f o r  the m u lt ip le  t e s t  
items were based on students answers to  essay questions and 
o ther  open ended questions  and addressed underly ing 
conceptual knowledge r e la t e d  to  a l im i t e d  content area . As 
Tamir (p306) s ta te s :
9these a l t e r n a t i v e  ( r e s p o n s e s ) be ing  r e p r e s e n t a t i v e  o f  
t y p i c a l  c o n c e p t io n s  and m iscon ce p t ion s  o f  s tudents  
have a d i s t i n c t i v e  advantage as compared to  r e g u la r  
t e s t  i tems f o r  which p r o f e s s i o n a l  t e s t  w r i t e r s  p ro v id e  
the a l t e r n a t i v e s  9
I  could have d ev ised  a m u lt ip le  choice  t e s t  tha t included 
the t y p ic a l  m isconceptions th a t  were p icked up in  the P i l o t  
Study. I  f e e l ,  however, th a t  th is  method would merely have 
r e in fo r c e d  these m isconcep tions, in trod u c ing  them to  
students who may not have he ld  such an idea  p r e v io u s ly .
3) The use o f  s tru c tu red  questions in  the form o f  g e n e t ic s  
problems would have a llow ed  students to  ob ta in  the c o r r e c t  
answers w ithout r e a l l y  understanding why, Stewart & Dale 
(1981) supported by the f in d in g s  o f  the P i l o t  Study.
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I t  was th e r e fo r e  dec ided  to  take the 21 most common 
connections made by the 5 sc ien ce  le c tu r e r s  and present 
them to  the students in  the form o f  an A5 b ook le t .  Each 
p a ir  o f  terms ( r e f e r r e d  to  now as pr im ary  terms)  was on a 
separa te  unruled page (See Appendix 4 ) .
The students would be expected  to  g iv e  as f u l l  an 
exp lana t ion  as p o s s ib le  o f  the nature o f  the r e la t io n s h ip  
between each o f  the 21 p a ir s  o f  terms. To avo id  the 
problem w ith  in t e r p r e t in g  d i f f e r e n c e s  in  in te n t io n  and 
meaning when using words l i k e  ’ i n ’ , ’ on* and ’ at* 
exp lana tions  between p a irs  o f  terms, where one o f  the terms 
is  the same, can be c ross  re fe re n ce d .
For example, a student may s ta t e  tha t ’ a l l e l e s  are found in  
gen es ’ when ex p la in in g  the r e la t io n s h ip  between 
G e n e :A l le le .  Examination o f  the exp lana tion  o f  the 
r e la t io n s h ip  between say, H e terozygou s :A l l e l e  could r e v ea l  
the exp lana tion  tha t ’ heterozygous means a gene con ta in ing  
two d i f f e r e n t  a l l e l e s . *  This second f in d in g  would support 
the hypothes is  tha t  the student does indeed hold the 
m isconception  tha t Genes con ta in  A l l e l e s .
By choosing these 21 p a ir s  o f  terms that were agreed by a l l  
5 sc ience  l e c tu r e r s  the low est  common denomination is  being 
used. I t  was important to  e s ta b l is h  whether any o f  the 
o th er  37 connections made by the le c tu r e r s  would be thought 
important by o ther  sc ience  le c tu r e r s .
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The ’ C i r c le  o f  Terms’ was th e r e fo r e  g iv en  to  3 o ther  
sc ience  le c tu r e r s  in  February 1988. The same c r i t e r i a  was 
used in  ana lys ing  t h e i r  r e s u l ts  as had been used w ith  the 
o r i g in a l  5 l e c tu r e r s .  So where 2 or more o f  the 3 
le c tu r e r s  agreed on a p a ir  o f  terms i t  was cons idered  to  be 
an e s s e n t ia l  p a i r .
The 3 le c tu r e r s  came up w ith  17/21 p a irs  o f  terms tha t had 
been i d e n t i f i e d  by the o r i g in a l  5 le c tu r e r s .  This is  an 
81% agreement. When the r e s u l ts  are pooled  i t  produces 20 
p a ir s  o f  terms agreed by 5 or more o f  the 8. Of these 20 
p a ir s  o f  terms, 19 agree w ith  the o r i g in a l  21 (90%). Given 
th is  degree o f  agreement, the o r i g in a l  21 p a ir s  o f  Terms 
should be a reasonable  d ia g n o s t ic  t e s t .
THE 21 PAIRS OF TERMS WILL NOW BE REFERRED TO AS THE TEST
BOOKLET.
3.2 : U s i n g  t h e  T e s t  B o o k l e t .
Twenty f i v e  A L eve l  students and two sc ience  l e c tu r e r s  were
g iven  the Test b ook le t  and asked to  g iv e  as f u l l  an
exp lana t ion  as p o s s ib le  o f  the nature o f  the r e la t io n s h ip  
between each o f  the 21 p a ir s  o f  terms. Each p a r t ic ip a n t  
was g iv en  an in s t ru c t io n  sheet (See Appendix 5) which 
exp la ined  the o r i g in  o f  the p a ir s  o f  terms used in  the 
b o o k le t .
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The students c a r r ie d  out th is  e x e rc is e  in  t h e i r  normal 
c la sse s  in  November 1988 b e fo re  s ta r t in g  the g e n e t ic s  
components o f  t h e i r  courses and again fo l lo w in g  th e i r  
g e n e t ic s  in s t ru c t io n .  I t  took them between 40 minutes and 
2 hours. Each student was g iv en  a unique code to  a l low  
anonymity.
3.3= A n a l y s i s  o f  t h e  r e s p o n s e s .
The student responses during the P i l o t  S tudies were 
ca te go r is ed  in to  ’ o rders  o f  c o r r e c tn e s s ’ . Dea ling w ith  the 
f a i r l y  b r i e f  responses tha t  were g iv en  a t the time th is  
method o f  a n a ly s is  was reasonab le . However w ith  the more 
d e ta i le d  responses in  the B ook lets  i t  was f e l t  tha t there  
was an unwelcome degree o f  su b jec t iv en ess  in  d ec id in g
whether a response was an ’ o rder 1 ’ or an ’ o rder 2 ’ type .
For the B ook le ts , each in d iv id u a l  student response was 
examined and c l a s s i f i e d  as fo l lo w s :
CORRECT:
SIMPLE (S ) :  a c o r r e c t  exp lana tion  o f  the r e la t io n s h ip
between the two pr im ary  terms that included those two
pr imary  terms +/- one o t h e r  term.
M u lt ip le  (M ): a c o r r e c t  exp lana t ion  o f  the r e la t io n s h ip
between the two pr im ary  terms tha t included those two
pr im ary  terms + two o r  more o t h e r  terms.
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INCORRECT:
Where an in c o r r e c t  exp lan a t ion  o f  the r e la t io n s h ip  between 
the two pr im ary  terms was g iv en  i t  was simply c l a s s i f i e d  as 
wrong ( X ) .
There were then va r iou s  o th er  responses tha t had to  be 
considered  where an attempt to  g iv e  an exp lana tion  o f  the 
r e la t io n s h ip  between the p a ir  o f  terms was not made f o r  one 
o f  s e v e ra l  reasons:
a ) The student d id  not a mention term or ju s t  wrote down 
the term w ith  no attempt to  g iv e  a d e s c r ip t io n  o f  i t .
b ) The student gave a c o r r e c t  d e s c r ip t io n  o f  BOTH terms 
but made no attempt to  e x p la in  the r e la t io n s h ip  between 
them.
c )  The student gave a c o r r e c t  d e s c r ip t io n  o f  a term.
d) The student gave an in c o r r e c t  d e s c r ip t io n  o f  a term.
e )  The student had never heard o f  a term.
f ) The student had heard o f  a term but could not remember
what i t  meant.
The number o f  students g iv in g  a p a r t ic u la r  type o f  
exp lana tion  is  looked a t both pre and post t h e i r  g e n e t ic s  
in s t ru c t io n  to  a s c e r ta in  what, i f  any, changes have 
occurred ( see Tab le  6 ) .
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Number
in
Booklet
PRIMARY TERMS Number of Students giving a 
particular type of explanation
NONE SIMPLE + MULTIPLE
PRE (%) Post(%) PRE (%) P0ST(%)
1 Chromosome:Chromatid 13 (52) 9 (36) 12 (48) 16 (64)
2 Chromosome:Me ios i  s 15 (60) 10 (40) 10 (40) 15 (60)
3 Gene:Allele 23 (92) 20 (80) 2 (8) 5 (20)
4 Gametes:Z ygote 2 (8) 2 (8) 23 (92) 23 (92)
5 Chromosome:Gene 6 (24) 3 (12) 19 (76) 22 (88)
6 Chromosome:Diploid 10 (40) 6 (24) 15 (60) 19 (76)
7 Chromosome:Haploid 10 (40) 5 (20) 15 (60) 20 (80)
8 Recessive:A lle le 21 (84) 9 (36) 4 (16) 16 (64)
9 Heterozygous:Homozygous 18 (72) 8 (32) 7 (28) 17 (68)
10 Heterozygous:A lle le 19 (76) 11 (44) 6 (24) 14 (56)
11 Gametes:Haploid 6 (24) 3 (12) 19 (76) 22 (88)
12 Zygote:Diploid 6 (24) 1 (4) 19 (76) 24 (96)
13 Phenotype:Dominant 15 (60) 5 (20) 10 (40) 20 (80)
14 Phenotype:Genotype 15 (60) 6 (24) 10 (40) 19 (76)
15 Homozygous:A lle le 21 (84) 11 (44) 4 (16) 14 (56)
16 Dominant:Allele 18 (72) 8 (32) 7 (28) 17 (68)
17 Recessive:Dominant 8 (32) 3 (12) 17 (68) 22 (88)
18 Gene:Genotype 20 (80) 12 (48) 5 (20) 13 (52)
19 Gametes:Meiosis 14 (56) 7 (28) 11 (44) 18 (72)
20 Homozygous:P.Breeding 21 (84) 7 (28) 4 (16) 18 (72)
21 Diploid:Haploid 6 (24) 2 (8) 19 (76) 23 (92)
Table 6 The number o f  students g iv in g  a p a r t ic u la r  type o f  
exp lana t ion  both pre and p os t  t h e i r  g e n e t ic s  in s t ru c t io n  
(N=25). Note : in  t h is  Tab le  Simple and M u lt ip le  c o r r e c t
responses are  poo led .
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The responses were then ranked accord ing to  d i f f i c u l t y .  
D i f f i c u l t y  was determined by cons ider in g  the number o f  
students who were unable to  g iv e  an exp lana tion  o f  the 
r e la t io n s h ip  between a p a i r  o f  terms. For example;
G e n e iA l l e l e : - p r io r  to  the g e n e t ic s  component o f  t h e i r  
course 23/25 students were unable to  g iv e  an exp lana t ion  o f  
the r e la t io n s h ip  between these two terms. Th is  was 
th e r e fo r e  ranked number 1 and considered  to  be the most 
d i f f i c u l t .
G am etes :Zygo te :-  ju s t  2/25 students were unable to  g iv e  an 
exp lana t ion  o f  the r e la t io n s h ip  between these terms. Th is 
was th e r e fo r e  ranked number 21 and considered  to  be the 
l e a s t  d i f f i c u l t .
This was done pre and post the g en e t ic s  component o f  the 
students course, The r e s u l t s  are shown in  Tab le  7 and 
F igure 1.
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PRIMARY TERMS Number of students unable to an 
explanation of the relationship between 
the primary terms either because one or 
both terms were wrong,never heard of or 
forgotten. (Rank Positions)
PRE POST
Gene:Allele 23 (1) 20 (1)
Recessive:Allele 21 (3) 9 (6.5)
Homozygous:A lle le 21 (3) 11 (3.5)
Homozygous:Pure Breeding 21 (3) 7 (10.5)
Gene:Genotype 20 (5) 12 (2)
Heterozygous:A lle le 19 (6) 11 (3.5)
Heterozygous:Homozygous 18 (7.5) 8 (8.5)
Dominant:A lle le 18 (7.5) 8 (8.5)
Chromosome:Me ios i s 15 (10) 10 (5)
Phenotype:Dominant 15 (10) 5 (14.5)
Phenotype:Genotype 15 (10) 6 (12.5)
Gamete:Meiosis 14 (12) 7 (10.5)
Chromosome:Chromatid 13 (13) 9 (6.5)
Chromosome:Diploid 10 (14.5) 6 (12.5)
Chromosome:Haploid 10 (14.5) 5 (14.5)
Recessive:Dominant 8 (16) 3 (17)
Chromosome:Gene 6 (18.5) 3 (17)
Gametes:Haploid 6 (18.5) 3 (17)
Zygote:Diploid 6 (18.5) 1 (21)
Diploid:Haploid 6 (18.5) 2 (19.5)
Gametes:Zygote 2 (21) 2 (19.5)
Table 7 Responses o f  the students both Pre and Post 
g e n e t ic s  in s t ru c t io n  ranked accord ing to  d i f f i c u l t y .  (N=25)
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degression Line showing relationship 
between pre and post tests (table 7)
F igu re  1
Graph showing the c o r r e la t io n  between the pre and post 
ranking o f  the  21 p a ir s  o f  Terms.
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As can be seen from the graph, the s lope  o f  the l in e  is  
p o s i t i v e  and the c o r r e la t io n  i s  v e ry  h igh ly  s i g n i f i c a n t  
(P  = 0 .0 0 1 ).  Th is  in d ic a te s  tha t the terms which were 
p e rc e iv e d  by the students as d i f f i c u l t  (ranked between 1 
and 10) as compared to  the o th er  terms p r io r  to  being 
taught were STILL p e rc e iv e d  as d i f f i c u l t  fo l lo w in g  
tea ch in g ! A lso  those terms which were found to  be not too  
d i f f i c u l t  (ranked between 11 and 21) as compared to  the 
o th er  terms p r io r  to  being taught were STILL found to  be 
not too  d i f f i c u l t  f o l lo w in g  teach ing .
Of the 21 p a ir s  o f  terms, 5 p a ir s  con ta in , as one o f  the 
p a ir ,  the term A l l e l e .  Tab le  8, below, shows tha t a l l  
these 5 p a ir s  o f  terms were ranked between 1 and 10 both 
Pre and Post g e n e t ic s  teach in g .
PRIMARY TERMS
Number of students unable to give an 
explanation of the relationship (N)
PRE RANK NUMBER POST RANK NUMBER
Gene:Allele 1 (23) 1 (20)
Homozygous:A lle le 3 (21) 3.5 (11)
Recessive:A lle le 3 (21) 6.5 (9)
Gene:Genotype 5 (20) 2 (12)
Heterozygous:A lle le 6 (19) 3.5 (11)
Heterozygous:Homozygous 7.5 (18) 8.5 (8)
Dominant:A lle le 7.5 (18) 8.5 (8)
Chromosome:Me ios i s 10 (15) 5 (10)
Table 8 Terms ranked between 1 and 10 both pre and post the genetics 
instruction.
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This i n a b i l i t y  to  g iv e  an exp lana tion  o f  the r e la t io n s h ip  
was due to  the student e i t h e r :
1) g e t t in g  one or both terms wrong.
2) not having heard o f  one or both the terms.
3) being unable to  remember the meaning o f  one or both 
term s.
The responses o f  the students to  the p a ir s  o f  terms where 
A l l e l e  is  one o f  the p a ir  were examined to  determine which 
term/s were causing the problem (see  Table 9 ).
PRIMARY
TERMS
Reason for inab ility  of the student to give an 
explanation of the relationship between the terms
Wrong
Pre and Post
Never Heard 
Pre and Post
Forgotten 
Pre and Post
Left Blank 
Pre and Post
Gene 3/3 0/0 0/0 0/1
Alle le 14/17 4/0 3/1 1/0
Recessive 3/2 0/0 0/0 1/2
Alle le 12/6 4/0 2/0 3/2
Heterozygous 7/6 2/0 5/0 3/0
Alle le 9/9 4/0 2/0 2/1
Homozygous 6/5 2/0 5/0 5/0
A lle le 10/8 3/0 2/0 4/1
Dominant 5/2 0/0 0/0 4/0
A lle le 8/7 4/0 1/0 4/1
Tab le  9 The terms th a t  were wrong, never heard o f  o r  
fo r g o t t e n  thus p reven t in g  the students from being ab le  to  
g iv e  an exp lan a t ion  o f  the r e la t io n s h ip  between a p a i r  o f  
terms
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Table 9 shows tha t A l l e l e  i s  the problem term. With the 
m a jo r i ty  o f  the students g iv in g  in c o r r e c t  d e s c r ip t io n s  o f  
th is  term. When the Gene: A l l e l e  responses o f  the 2 5 
students were examined i t  was found tha t th ere  were 15/25 
m isconceptions Pre g e n e t ic s  and 14/25 m isconceptions Post 
g e n e t ic s .  These m isconceptions could be d iv id e d  in to  th ree  
types , shown in  Tab le  10.
Misconception
PRE POST
Students N (%) Students N (%)
GENES CONTAIN ALLELES
HB1,4,8,10. 
B2,3.
Zl.
HBb.
9 (60) HB1,4,7,10. 
HBa,b,d,e,f
9 (64)
ALLELES CONTAIN GENES HB2,3,6. 
B4
4 (27) HB3,9. 
B4,5.
4 (29)
ALLELES & GENES are 
the same
HBa,g. 2 (13) Z2. 1 (7)
Table 10 The three types o f misconceptions identified using the Test 
Booklet.
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Looking back a t the P i l o t  Study work on Term inology (n=45) 
and Concept R e la t io n sh ip s  (n=20) these same m isconceptions 
were i d e n t i f i e d .  These f in d in g s  are summarised in  Table 11.
Misconception
Study name, (numbe 
connecting Gene:AL 
connect)
ir in study, n) (number 
.ele, c) (Number getting 
.on wrong, w)
Diagnostic Test 
(n=25)
Terminology. 
(n=45) 
(c=32) 
(w=24)
Concept 
Relationship 
(n=20) 
(c= l l )  (w=8)Pre
(w=15)
Post
(w=14)
Genes contain 
A lleles
9 (60%) 9 (64%) 17 (71%) 5 (62.5%)
Alleles 
contain Genes
4 (27%) 4 (29%) 3 (12.5%) 1 (12.5%)
Genes and 
Alleles are 
the same
2 (13%) 1 (7%) 4 (16.5%) 2 (25%)
Table 11 The number and percen tage  o f  students from the 
th ree  s tu d ies  w ith  m isconceptions o f  the r e la t io n s h ip  
between G e n e :A l le le .
In a l l  cases , both pre and post g en e t ic s  in s t ru c t io n  where 
the student had never heard o f  A l l e l e  or had fo r g o t t e n  i t  
they used Gene in  i t s  p la ce  when ex p la in in g  the 
r e la t io n s h ip  between o th er  p a irs  o f  terms l i k e  
r e c e s s i v e : a l l e l e ; dominant: a l l e l e ; r e c e s s i v e : dominant and 
homozygous: h e te ro zygou s .
Where students b e l ie v e d  tha t A l l e l e s  con ta in  Genes or Genes 
conta in  A l l e l e s  th is  led  to  confusion  w ith  o th e r  p a irs  o f  
terms l i k e  Homozygous:Heterozygous where the student f o r  
example b e l i e v e s  tha t Homozygous equals a gene con ta in ing
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two id e n t i c a l  a l l e l e s  and Heterozygous equals a gene 
con ta in ing  two d i f f e r e n t  a l l e l e s  (HB5,Pre; B2,Pre and B4, 
Pre & P o s t ) ) .  A lso  R e c e s s iv e : Dominant, here some students 
b e l ie v e d  th a t  a gene can con ta in  a r e c e s s iv e  and a dominant 
a l l e l e  (H B l,P re ; HB2, Pre & Pos t ;  HB4,Pre; HB5,Pre and 
HB10,Pre & P o s t ) .  Others b e l ie v e d  tha t a l l e l e s  contained 
two types o f  genes, one r e c e s s iv e  and the o th er  dominant 
( B4, Pre & H B 9 ,P os t ) .
I t  would seem then tha t i f  the problem w ith  GENE:ALLELE 
could be re s o lv e d ,  tha t  i s  i f  the m isconception ( s ) could be 
cha llenged  and changed to  the accepted concept then the 
o th er  m isconceptions would, in  e f f e c t ,  d isappear.
Having developed  a d ia g n o s t ic  t e s t  th a t  a llow s  
i d e n t i f i c a t i o n  o f  student m isconceptions the next Chapter 
looks at the development and use o f  a Chromosome Model tha t  
can used to  ch a llen ge  and c o r r e c t  these m isconceptions.
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The o u t l in e  o f  the research  fo l lo w in g  the development and 
use o f  the Chromosome Model (Chapter 4 ) i s  as fo l lo w s
F igure 2. The o u t l in e  o f  the research  th a t  w i l l  be 
undertaken fo l lo w in g  the development o f  the Model
* * *  These are the students tha t  w i l l  be cha llenged  w ith  the 
Chromosome Model (Chapter 4 ) .  This a c t i v i t y  w i l l  be v id eo  
taped and e d ited  m a te r ia l  from the tape w i l l  form part  o f  
the workshop m a te r ia l  to  be used f o r  the S t a f f  Development 
in  Study B,
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C H A P T E R  4 .  T h e  D e s i g n  a n d  U s e  
o f  t h e  C h r o m o s o m e  M o d e l .
4 . i :  T e x t b o o k  T e n s  ( S e q u e n c e ) .
The ’ conven tiona l*  o rder  o f  teach ing  g e n e t ic s  tends to  
fo l lo w  the order  tha t  i s  s e t  out in  B io lo g y  exam sy llab u ses  
(London 1990, AEB 1992, Cambridge 1990 and Oxford 1990). 
This i s : -
1) M e ios is
2) Mendel: Monohybrid Cross
3) Mendel: D ihybrid  Cross
4) Modern Exp lanation  o f  Mendels f in d in g s .
This o rder  i s  a ls o  r e f l e c t e d  in  B io lo g y  t e x t  books, Roberts 
(1977 ): B io lo g y .  A Functiona l Approach and Green, Stout 
and T a y lo r  (1987 ): B io lo g i c a l  Science and the Human B io lo g y  
t e x t  book by Simpkins and W illiam s (1989 ): Advanced Human 
B io lo g y .
(These are  the recommended t e x t  books a t th is  l e v e l  and are 
th e r e fo r e  the books have been used by the students tha t 
took p a rt  in  th is  r e s e a r c h ) .
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The t e x t  books in troduce the student to  the fo l lo w in g  terms 
in  o rder :
g e n e s , c h r o m o s o m e ,p u r e -b r e e d in g , d o m in a n t , r e c e s s i v e  
homozygous, genotype, phenotype, heterozygous, a l l e l e s  and 
m e ios is  (R oberts , page 448).
pure b reed ing , dominant, r e c e s s iv e ,  genes, geno typ ic  
symbol, a l l e l e ,  phenotypes, heterozygous and homozygous
(Green, Stout and T a y lo r ,  pages 831-834).
genes, DNA, genotype, phenotype, a l l e l e s ,  homozygous and 
heterozygous ( Simpkins and W ill iam s , page 368).
In some cases th ere  is  a la ck  o f  con s is ten cy  in  the use o f  
the terms. In  Roberts the term gene i s  used when a l l e l e  
should be used, f o r  example, the gene f o r  the long winged 
con d it ion  (V ) i s  dominant to  the gene f o r  v e s t i g i a l  wing 
( v ) ,  (page 453). A s im i la r  e r r o r  i s  a lso  found in  Simpkins 
and W illiam s (p376) where the r e c e s s iv e  gene f o r  A lb in ism  
is  r e fe r r e d  to .
Such am bigu ity could lead  to  m isconceptions f o r  the 
students using the tex tb ooks .
The intended meaning o f  a tex tbook  author i s  not 
a u tom a t ica l ly  t r a n s fe r r e d  to  the mind o f  the student. 
B ever ly  B e l l  and P e te r  Freyberg (1985) b e l i e v e  th a t  each
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in d iv id u a l  in  the classroom constructs  h is  o f  her meaning 
from the v a r i e t y  o f  s t im u l i ,  in c lu d ing  the s p e c i f i c  words 
read o r  heard, which are presen t in  the lea rn in g  
environment.
"How s i m i l a r  the c o n s t r u c t e d  meaning i s  t o  tha t  
in tended  by the te a ch e r - in d e e d  i f  any meaning i s  
c o n s t ru c t e d  a t  a l l -d e p e n d s  on the way a p u p i l  copes 
with the language we as teachers  use so f r e e l y  as our  
main means o f  i n s t r u c t i o n . "  (p33 ).
B e l l  & Freyberg (1985) p o in t  out that where the teachers 
own concepts are  inadequate there  is  u n fo r tu n a te ly  a 
g r e a te r  l ik e l ih o o d  tha t they  w i l l  con sc iou s ly  or  sub­
con sc iou s ly  t r y  to  obscure t h e i r  la ck  o f  understanding by 
the use o f  te ch n ic a l  language, whether i t  be v e rb a l is e d ,  
w r i t t e n  on the board or re fe ren ced  from the tex tbook . They 
g iv e  the fo l lo w in g  examples: -
U n id e n t i f ie d  Mismatch:
When the language o f  the teach er  in vo lv es  fa m i l ia r  words 
used w ith  s p e c i a l i s t  meanings in  the sc ien ce  classroom, 
p a r t ic u la r  d i f f i c u l t i e s  can occur because both pu p il and 
teacher may be unaware o f ,  or more im p ortan tly , unable to  
i d e n t i f y  the source o f  the problem. Examples: animal,
p lan t,  l i v i n g  and consumer.
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I d e n t i f i e d  M ism a tc h :
Sometimes p u p ils  are aware o f  a mismatch but they  continue 
to  use t h e i r  own meaning. For example, animal. A student 
had t ic k e d  ’ y e s ’ to  a question  " I s  a person an Animal?" 
However the student was unhappy w ith  t h is ,  b e l i e v in g  that 
to  c a l l  another human being an ’ an im al’ was in s u l t in g !
With regard  to  the terms used in  G en etics , w ith  the 
p o s s ib le  excep t ion  o f  Dominant, i t  is  not th a t  the teacher 
i s  using fa m i l ia r  words w ith  s p e c ia l i s t  meaning, but the 
teacher i s  using s p e c ia l i s t / t e c h n ic a l  language tha t the 
student may never have come across b e fo re .  The comments o f  
students 7P and 6H1 (Chapter 2) p o in t  to  the f a c t  tha t they 
f e l t  tha t G enetics was ju s t  TOO ABSTRACT.
I t  i s  important th e r e fo r e  tha t a way i s  d ev ised  to  g e t  
these terms over to  the students in  a c l e a r ,  r e le v a n t  way 
that i s  not a b s tra c t .  The Chromosome Model may ju s t  a l low  
the students to  ’ SEE’ the concepts and thus g iv e  them 
something to  ’ hang t h e i r  la b e ls  o n . ’
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4 . 2 : T h e  C h r o B o s o n e  M o d e l .
(A new teach ing  and le a rn in g  s t r a t e g y )
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As can be seen (F igu re  2a) the Chromosome Model i s  a sturdy 
wooden con s tru c t ion  (each ’ chromosome5 measures 50 X 6 cm). 
The la r g e  s i z e  should make the Model easy to  manipulate. 
I  f e l t  tha t i f  i t .  was any sm a lle r  i t  would tend to  be 
somewhat ’ f id d ly *  and th e r e fo r e  le s s  l i k e l y  to  encourage 
’ hands on ’ involvem ent by the students.
The Model, by i t s  v e ry  des ign , should ch a llen ge  the 
m isconception th a t  genes con ta in  a l l e l e s  o r  a l l e l e s  con ta in  
genes. Th is w i l l  then help  those students w ith  the o th er  
terms tha t  re q u ir e  an understanding o f  a l l e l e .  Dominant, 
r e c e s s iv e ,  heterozygous and homozygous( pure b reed in g ) and 
avo id  them f a l l i n g  in to  the t ra p  tha t heterozygous means a 
gene con ta in in g  two d i f f e r e n t  a l l e l e s  or tha t a r e c e s s iv e  
gene w i l l  on ly  be expressed i f  i t  con ta ins  two r e c e s s iv e  
a l l e l e s .
P r io r  to  s ta r t in g  the g e n e t ic s  in s t ru c t io n  i t  would be 
expected  tha t students should have a l i t t l e  more 
in form ation  about the fa c t o r s  c o n t r o l l in g  in h e r itan ce  than 
Mendel had. They would th e r e fo r e  have covered :
1) The s tru c tu re  o f  Chromosomes (DNA/Histones)
2) The r o l e  o f  DNA in  p r o te in  syn thes is  (one gene: one 
p o ly p e p t id e )
3) The behaviour o f  chromosomes during nuc lear d iv i s io n  
(m ito s is  and m e io s is )
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The students could then be in troduced  to  the Chromosome 
Model. The Model has a s e t  o f  exp lana to ry  sheets  and a se t  
o f  worksheets tha t accompany i t  (See Appendix 6 ) ,
The students should be f a m i l ia r  w ith  a l l  the terms used in  
th is  d e s c r ip t io n  g iv en  t h e i r  p rev ious  in s t ru c t io n  ou t l in ed  
p re v io u s ly  (p o in ts  1,2 and 3 ) .
The exp lana to ry  sheets cover  the terms in  the fo l lo w in g  
order : a l l e l e ,  dominant, r e c e s s iv e  (codom inant),
homozygous, h e te ro zygou s . and r e c e s s iv e .
The se t  o f  worksheets (See Appendix 6) o u t l in e  some 
a c t i v i t i e s  tha t the students can ca rry  out w ith  questions 
to  answer. These worksheets can e i t h e r  be stand alone 
sheets or used as a question/answer s e t  up between the 
teacher and a s in g le  student, a p a i r  o f  students o r  a small 
group (upto 4) o f  s tudents. These now in troduce the 
fo l lo w in g  terms: genotype and phenotype.
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4.3 : C o n c e p t u a l  c h a l l e n g e .  
U s i n g  t h e  C h r o n o s o a e  M o d e l .
The hypothes is  o u t l in ed  a t  the end o f  Chapter 3 was tha t i f  
the s tu d en t ’ s problem w ith  the r e la t io n s h ip  between the 
terms G e n e :A l le le  cou ld be re so lv ed  then t h e i r  o th er  
m isconceptions would, in  e f f e c t ,  d isappear.
B e fore  the student i s  con fron ted  w ith  the accepted 
s c i e n t i f i c  concept they must be made aware o f  t h e i r  own 
concepts. C o n f l i c t  should then be in troduced , which can be 
re s o lv e d ,  so tha t the student r e j e c t s  the o r i g in a l  concept 
and rep la ces  i t  w ith  the s c i e n t i f i c  concept.
Nine students were Pre t e s t e d  using the Tes t Book let and 
then taught g e n e t ic s  in  the T r a d i t io n a l  manner w ithout the 
l e c tu r e r  being made aware o f  t h e i r  m isconceptions. 
Fo llow in g  the Post t e s t  the students were cha llenged  using 
the Chromosome Model.
Th e ir  responses to  the Model were recorded on v id eo  tape. 
The students, in d iv id u a l l y  o r  in  p a ir s ,  were seated  in  the 
reco rd in g  stud io  w ith  the author. The Chromosome Model and 
the sheets d e s c r ib in g  the Model were on the ta b le  in  f r o n t  
o f  them.
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Before  the record in g  began the students were asked to  look  
at the Model and read through the d e s c r ip t io n s  o f  the f i v e  
gene l o c i  tha t i t  rep resen ted . They were f r e e  to  ask about 
any p o in t  tha t they were unc lear  about. They were assured 
tha t the procedure was not any form o f  t e s t  f o r  them and 
were thanked f o r  t h e i r  c o -op e ra t ion .
These va lu ab le  5 to  10 minutes gave the students the chance 
to  become accustomed to  the environment and s e t t l e  down. 
The students were asked to  in d ic a te  when they were ready so 
tha t the record in g  could beg in .
The students were then encouraged to  ’ in ven t some p e o p le ’ 
as o u t l in ed  in  the sheet e n t i t l e d  Quest ions on the Model 
(See Appendix 6 ) .
Included here are some e x t r a c ts  tha t i l l u s t r a t e  how the 
Model encouraged the students to  d esc r ib e  t h e i r  own 
concepts and debate the pros and cons o f  these concepts 
w ith  each o th er  and/or the in te r v ie w e r .  These e x t ra c ts  
a lso  in d ic a te  how the in te r v ie w e r  c rea ted  c o n f l i c t  between 
the s tu den t ’ s concepts and the intended s c i e n t i f i c  concept 
w h ile  encouraging them to  search f o r  a s o lu t io n  by 
d iscuss ion  and use o f  the Model.
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E X T R A C T  1 :  SE  & LH
P r io r  to  the g e n e t ic s  in s t ru c t io n  SE was unable to  g iv e  an 
exp lana tion  o f  the r e la t io n s h ip  between G e n e ;A l le le .  
Fo llow ing  the g e n e t ic s  in s t ru c t io n  she b e l ie v e d  tha t genes 
contained a l l e l e s .  LH, on the o ther  hand, went from not 
being ab le  to  remember the r e la t io n s h ip  between the terms 
to  being ab le  to  g iv e  an accep tab le  s c i e n t i f i c  exp lanation  
o f  t h e i r  r e la t io n s h ip .
There fo l lo w s  the response o f  the two students to  the f i n a l  
question  on the sheet Quest ions on the M ode l : -
’ Now th a t  you have used the Model would you p lease  
e x p la in  f u l l y  the r e l a t i o n s h i p  between gene and a l l e l e .  *
1
2 SE: the whole th in g  ( in d ic a t in g  the chromosome) i s  the
3 g e n e - i s n ’ t  i t ?
4 LH: on a l o c u s  ( in d ic a t in g  two corresponding l o c i )
5 SE: a l l e l e  i s  a c tu a l  s p e c i f i c . . .
6 LH: a l l e l e  i s  one o f  the c h a r a c t e r i s t i c s  (p o in t in g  to  an
7 a l l e l e )
8 SE: y e a - i s  a s p e c i f i c  b l o c k / c h a r a c t e r i s t i c .
9 LH: so gene cou ld  be th a t  much ( in d ic a t e s  two corresponding
10 l o c i )  and the a l l e l e s  c o u ld  be the two d i f f e r e n t  types o f
11 em .. . b u i l d in g  b locks  as SE pu t  i t .
12 I  ( t o  SE): I ’ m go ing  to  r e f e r  back to  your prev ious
13 statement about gene and a l l e l e  tha t you made fo l lo w in g
14 your g e n e t ic s  in s t ru c t io n .  You sa id  th a t  the genes f o r
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15 s p e c i f i c  c h a r a c t e r is t i c s  are  known as a l l e l e s .  The gene
16 f o r  h a ir  co lou r  w i l l  CONSIST o f  a l l e l e s .  When d esc r ib in g
17 heterozygous and a l l e l e  you s ta ted  tha t the a l l e l e s  are
18 s l i g h t  d i f f e r e n c e s  tha t  MAKE UP a gene.
19 SE: which doesn ’ t  sound to o  good.
20 I  ( t o  LH): I ’ m now go ing to  r e f e r  back to  your prev ious
21 statement. You sa id  tha t  a gene i s  a p o r t io n  o f  a
22 chromosome which codes f o r  a p a r t i c u la r  p o lyp e p t id e .
23 A l l e l e ,  the a l t e r n a t i v e  forms o f  gene, s i tu a te d  a t  the same
24 locus (p o s i t i o n )  on two homologous chromatids.
25 SE: (on hearing the d e s c r ip t io n )  ve ry  good!
26 I :  so (h o ld in g  up an a l l e l e  b lo ck ) What i s  tha t?
27 SE/LH: t h a t ’s an a l l e l e
28 I :  and what i s  tha t (h o ld in g  up another ’ b lo c k ’ )?
29 SE/LH: ano the r  a l l e l e
30 I : so where i s  th is  gene then?
31 LH: e m . . i t s  on o n e . . .
32 SE: i t s  the p a i r  o f  th em . .
33 LH: i t s  on one o f  th em . . .
34 SE: on yea, . .
35 LH: because i t s  a l o c u s  o f  one-and i t  c ou ld  be e i t h e r  th a t
36 one o r  th a t  one ( in d ic a t in g  two corresponding a l l e l e s )
37 I :  ok. So in  tha t ( in d ic a t in g  the maternal gene locus f o r
38 c y s t i c  f i b r o s i s )  gene locus you could have th a t  a l l e l e
39 (h o ld in g  up the r e c e s s iv e  c a l l e l e )  o r . . .
40 SE/LH: th a t  one ( in d ic a t in g  the dominant C a l l e l e ) . . y e a
41 I :  So a t any one time how many a l l e l e s  are in  th a t  gene
42 locus?
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43 SE/LH: one/on ly  one.
44 I  ( t o  SE): l e t s  look  again  a t what you sa id  b e fo r e .  You
45 sa id  tha t a l l e l e s  are  s l i g h t  d i f f e r e n c e s  tha t make up a
46 gene.
47 SE: ( lo ok s  a t the model) Oh! so t h a t ’ s wrong.
48 I :  Can you see what you were saying? You were saying tha t
49 somehow you were go ing to  g e t  two a l l e l e s  in  one gene locus
50 to g e th e r  (dem onstrating w ith  the model)
51 SE ( l a u g h i n g ) :  no you c a n ’ t  g e t  more than one in .
52 I :  You can see th a t  e i t h e r  t h is  a l l e l e  or  tha t  a l l e l e  can
53 occupy tha t gene p o s i t io n ?
54 SE: yea.
55 LH: but o n ly  one a t  a t ime,  r i g h t ?
56 I :  yea t h a t ’ s f in e .  Do you f e l l  happier w ith  gene and
57 a l l e l e  now or not?
58 SE/LH: yea.
59 I  ( t o  SE): so the concept th a t  you had tha t  the gene
60 contained a l l e l e s . .
61 SE: y e a - I  was th in k in g  a lon g  the l i n e s  th a t  the whole o f
62 t h i s  ( in d ic a t e s  the one o f  the chromosomes) was the gene
63 and t h a t ’ s why they were d i f f e r e n t . . .
64 LH: the whole o f  th a t  i s  a chromosome
65 SE: yea, I  know ( s m i le s ) .
During the use o f  the Model SE’ s concept tha t genes 
contained a l l e l e s  was cha llenged  ( l in e s  12 & 44 ). She, 
w ith  the help  o f  the Model and in te ra c t io n  w ith  LH, was 
ab le  to  see tha t her she o r i g in a l  con fus ion  between
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chromosome and gene le d  her to  b e l i e v e  th a t  genes 
(chromosomes in  her concep t) conta ined a l l e l e s  ( l i n e  61 ).
E x tra c t  2: CM
P r io r  to  her g e n e t ic s  in s t ru c t io n  CM b e l ie v e d  tha t genes 
conta ined a l l e l e s .  F o llow in g  the g e n e t ic s  in s t ru c t io n  she 
was ab le  to  g iv e  the accepted s c i e n t i f i c  exp lana tion  o f  
gene and a l l e l e  but i s  a c tu a l ly  s t i l l  confused about the 
meaning o f  these two terms. Th is i s  i l l u s t r a t e d  when she 
t r i e s  to  exp la in  the meaning o f  the term genotype where she 
s ta ted  tha t genotype eq u a lled  types o f  a l l e l e s  p resent in  
a gene. there  fo l lo w s  the response o f  t h is  student to  the 
f i n a l  quest ion ,
1
2 CM ( s m i l i n g ) :  w e l l  I  suppose the o n ly  th in g  you can say
3 r e a l l y - a n  a l l e l e  on a g e n e - i s  a p a r t  o f  a gene.
4 I :  i s  PART o f  a gene?
5 CM: yea. Which codes f o r  a p a r t i c u l a r  c h a r a c t e r i s t i c .
6 I :  ok. I f  you take a l l  those a l l e l e s  out o f  those gene
7 l o c i  (p o in t in g  to  p a te rn a l a l l e l e s ,  which CM rem oves).
8 What i s  th is  rep resen t in g?  (p o in t in g  to  chromosome)
9 CM: a chromosome.
10 I :  yea and what are  these rep resen t in g?  (p o in t in g  to  l o c i )
11 CM: genes.
12 I : so those are p o s i t io n s  tha t  genes can occupy on the
13 chromosome?
14 CM: mm., yea
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15 I :  you ju s t  sa id  t h a t . , .
16 CM: y e a - I , v e  j u s t  sa id  i t  wrong.
17 I :  . . . a n  a l l e l e  i s  pa rt  o f  a gene. Show me how an a l l e l e
18 can be pa rt  o f  a gene. Use the Hb locus . (CM attempts to
19 do th is  and f a i l s )
20 I :  you sa id  b e fo re  your g e n e t ic s  in s t ru c t io n  tha t genes
21 conta in  a l l e l e s  but i t  can ’ t  be l i k e  tha t can i t
22 (demonstrate w ith  the model)
23 CM: no, b a s i c a l l y !
24 I :  you then sa id , a f t e r  your g e n e t ic s  in s t ru c t io n ,  when
25 exp la in in g  phenotype and genotype tha t the genotype equals
26 types o f  a l l e l e s  presen t in  a gene.
27 CM: em,em..
28 I :  how would you change th a t  now to  d escr ib e  an a l l e l e ?
29 CM: the genotype i s  the type o f  a l l e l e  s in g u la r  tha t  codes
30 f o r  a p a r t i c u l a r  c h a r a c t e r i s t i c .
31 I :  how would you d esc r ib e  the r e la t io n s h ip  between gene and
32 a l l e l e ?
33 CM: em: i t ’ s r e a l l y  d i f f i c u l t  to  e x p la in  i t .
34 (unhappy/unsure)
35 I :  (p o in t in g  to  the c y s t i c  f i b r o s i s  lo cu s ) t h a t ’ s a gene
36 locus. What can you put there?
37 CM: an a l l e l e  ( s l i g h t l y  i r r i t a t e d )
38 I :  which one?
39 CM: any, w e l l , o n e  (puts in  the dominant C a l l e l e )
40 I :  r ig h t
41 CM: y e a . . ( a t t i tu d e  o f  w e l l , s o  w hat!? )
42 I : so now you d esc r ib e  to  me in  words what you ’ ve done.
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43 CM: an a l l e l e  i s  p la ce d  on a gene l o c u s .  T h a t ’s i t .
44 I :  yea, so an a l l e l e . . . ?
45 CM: i s  what can occupy the gene lo cu s .
46 ( t h is  was repeated  down the chromosome)
47 CM: r i g h t , I ’ ve g o t  th a t  ( lau gh s ) i t  r e a l l y  i s  d i f f i c u l t  to
48 p i c t u r e  i t  though so th a t  when you see i t  l i k e  t h i s  i t s  a
49 h e l l  o f  a l o t  e a s i e r  t o  understand what’s happening.
During the use o f  the Model CM was ab le  to  l i t e r a l l y  SEE 
tha t her concept o f  genes con ta in ing  a l l e l e s  was unworkable 
( l in e s  15-23) The student f e l t  tha t the Model had r e a l l y  
helped. When the reco rd in g  ended CM s ta ted  tha t i t  was 
much e a s ie r  to  v i s u a l i s e  a l l e l e s  and genes w ith  the Model. 
CM a lso  s ta ted  tha t during lesson s , the terms, chromosome, 
gene and a l l e l e ,  s o r t  o f  ’ crop up’ and i t  was r e a l l y  
d i f f i c u l t  to  see how they  a l l  f i t t e d  to g e th e r .
E x trac t  3: CL & MS
P r io r  to  the g e n e t ic s  in s t ru c t io n  CL was unable to  remember 
the meaning o f  the term a l l e l e .  Fo llow ing  the g e n e t ic s  
in s t ru c t io n ,  a lthough he i s  ab le  to  g iv e  the accepted 
s c i e n t i f i c  exp lana tion  o f  gene and a l l e l e  he was s t i l l  
confused about the meaning o f  these two terms. This is  
i l lu s t r a t e d  when CL t r i e d  to  exp la in  the r e la t io n s h ip  
between r e c e s s iv e  and dominant where he s ta ted  tha t two
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forms o f  genes, r e c e s s iv e  and dominant, make up an a l l e l e .  
When the in te r v ie w e r  ch a llenged  him w ith  th is  p o in t  he was 
ab le  to  use the Model to  c o r r e c t  h is  concept ( l i n e s  17-36). 
MS, on the o th er  hand, went from being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion  to  the concept tha t genes 
conta in  a l l e l e s .  Th is would seem to  imply th a t  MS had 
o r i g i n a l l y  ju s t  memorised the exp lana t ion  o f  the 
r e la t io n s h ip  between gene and a l l e l e  and d id  not r e a l l y  
understand the meaning o f  the terms. Th is f i n a l  e x t ra c t  
again shows the response o f  the two students to  the f i n a l  
question .
1
2 CL: wel l  an a l l e l e  i s  em . .
3 MS: i s  a p o s i t i o n . .
4 CL: no, two forms o f  a gene i s n f t  i t ?  d e te rm in in g  the same
5 c h a r a c t e r i s t i c .
6 I :  always two forms?
7 MS/CL: two o r  more
8 I :  i l l u s t r a t e  what you mean using the model. What’ s th is
9 rep resen t in g?  (p o in t in g  to  chromosome)
10 CL: a chromosome.
11 I :  and these? (p o in t in g  to  a l l e l e s )
12 CL: a l l e l e s  o f  the chromosome
13 I :  and these? (p o in t in g  to  segments)
14 MS: gene l o c i
15 I :  and what can occupy these gene l o c i ?
16 CL: any s p e c i f i c  g e n (c o r r e c t e d )/ a l l e l e s
17 I :  l e t s  look  a t  what you sa id  fo l lo w in g  your g en e t ic s
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18 in s t ru c t io n  about the r e la t io n s h ip  between r e c e s s iv e  and
19 dominant. You sa id  th a t  two forms o f  genes, dominant and
20 r e c e s s iv e ,  MAKE UP an a l l e l e .  How would you exp la in  the
21 r e la t io n s h ip  now?
22 CL: the dominant one appears . .
23 I :  the dominant one?
24 CL: the dominant gene , the dominant a l l e l e  ( lau gh s )
25 I :  which?
26 CL: dominant gene appears then i t s  c h a ra c t e r  i s
27 rep resen ted .
28 I :  f in d  me a dominant gene amongst that l o t  (p o in ts  to  the
29 a l l e l e s )
30 CL: (p ick s  up dominant C a l l e l e  b lo ck ) i t s  no t  a gene then
31 i s  i t ?
32 I :  I ’ m asking you, i s  i t ?
33 MS: i t s  an a l l e l e
34 CL: i t s  an a l l e l e
35 I : so where could you put th a t  dominant a l l e l e ?
36 CL: (p la c e s  i t  the c o r r e c t  gene lo cu s )
37 MS: on th a t  gene l o c u s
38 I  ( t o  MS): now what about you? What d id  you say
39 o r i g in a l l y ?  You s ta ted  th a t  an a l l e l e  i s  another
40 c h a r a c t e r i s t i c  c a r r ie d  on a gene.
41 MS: r i g h t , when i t s  a c t u a l l y  d i f f e r e n t
42 I :  how.would you ex p la in  gene and a l l e l e  now?
43 MS: an a l l e l e  can he a d i f f e r e n t  type o f  g e n e . . .  so you
44 cou ld  always have a gene p re s e n t  but you can have va r ious ,
45 two o r  more, a l l e l e s  f o r  th a t  gene t y p e . . .
89
46 I  ( t o  b o th ) :  i s  the r e la t io n s h ip  between gene and a l l e l e
47 c le a r e r  now?
48 CL /MS: yep
49 I :  what do you th ink  made i t  make sense i f  i t  apparen tly
50 d id  not make sense b e fo re?
51 MS: p la y in g  with j i g - s a w s !
52 CL: i t s  more p r a c t i c a l .
53 MS: i t  i s ,
54 CL: a c t u a l l y  i t s  n o t  j u s t  s i t t i n g  in  a c lassroom and be ing
55 ta lk e d  a t ,  t h e o r e t i c a l ,  y o u ’r e  a c t u a l l y  making peop le  up
56 and hav ing  to  th in k  about i t .
57 MS: d e f i n i t e l y .  I  r e l a t e  t o  do ing  th in gs ,  l i t t l e  s t o r i e s
58 o r  l i t t l e  s i t u a t i o n s  o r  whatever.
59 CL: You’ l l  REMEMBER THIS!
60 MS: in s tea d  o f  a monotonous l e c t u r e .
61 I :  Is  th e re  anything e ls e  you want to  say about th is  model
62 as a means o f  communicating to  you about a gene, an a l l e l e ,
63 a chromosome?
64 CL: yea, I  th in k  i t s  good.
65 MS: i t s  much b e t t e r
66 CL: you should use i t  i n  the c l a s s .
Both these  students en joyed  using the Model and when they 
were asked by the in te r v ie w e r  ( l i n e  49) how they thought i t  
had helped them they  s ta ted  ( l i n e s  51-60) tha t i t  was the 
p r a c t i c a l  element o f  using the Model tha t helped them. CL
a lso  s ta ted  tha t the Model should be used in  the classroom
( l i n e  6 6 ) .
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So i t  appears that using the Chromosome Model has helped 
the students SEE th a t  th ere  was c o n f l i c t  between t h e i r  
concept o f  gene and a l l e l e  and the accepted s c i e n t i f i c  one. 
They were then ab le  to  use the Model to  change t h e i r  
concept to  the accepted s c i e n t i f i c  one.
Edited  m a te r ia l  from the v id eo  has been put to g e th e r  and 
developed in to  a 15 minute sequence on how to  use the 
Chromosome Model.
The e d ited  v id eo  has been used f o r  s t a f f  development in  
va r iou s  edu ca tiona l estab lishm ents  so tha t the Model and 
Test B ook let can be eva lu a ted . A TRANSCRIPT OF THE STAFF 
DEVELOPMENT VIDEO i s  inc luded  in  Appendix 7.
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4 .4 : S t a f f  D e v e l o p m e n t .
Four l o c a l  Educational Establishments were contacted  to  
request t h e i r  p a r t i c ip a t io n  in  the next pa rt  o f  the 
research  to  a l lo w  e va lu a t ion  o f  the D ia gn os t ic  T es t  ( th e  
Test B ook le t )  and the Chromosome Model.
I  was put in  touch w ith  the t h e i r  r e le v a n t  Heads o f  B io lo g y  
and during in d iv id u a l  in te rv ie w s  I  exp la ined  th a t  t h e i r  
p a r t i c ip a t io n  would he lp  in  the e va lu a t ion  o f  a Tes t 
Book let tha t had been designed to  i d e n t i f y  student 
m isconceptions in  G enetics  and a Chromosome Model tha t had 
been designed to  overcome these m isconceptions.
At two o f  the Educational estab lishm ents i t  was p o s s ib le  to  
have two se ts  o f  students, one se t  tha t would use the 
Chromosome Model and one s e t  tha t  would not.
I t  was exp la ined  to  the s t a f f  in vo lv ed  tha t t h e i r  students 
would be Pre t e s te d  and tha t the r e s u lts  o f  the a n a ly s is  
would be rep o r ted  back to  them. This would in v o l v e : -
a) Students would be Pre Tested  using the Test b ook le ts  
p r io r  to  s t a r t in g  t h e i r  G enetics  in s t ru c t io n .  Th is would 
be expected  to  take anything from 40 minutes to  2 hours, 
depending on the students, and would be c a r r ie d  out in  
t h e i r  normal classroom by m yse lf w ith  the member o f  s t a f f  
who norm ally  taught them f r e e  to  be presen t i f  they wished.
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b) The Test B ook lets  would then be analysed to  show the 
numbers o f  students who were unable to  g iv e  an exp lana tion  
o f  the r e la t io n s h ip  between a p a ir  o f  terms and the number 
tha t cou ld. These p a ir s  o f  terms would then be ranked 
accord ing to  d i f f i c u l t y .  D i f f i c u l t y  was determined by 
con s id er in g  the number o f  students who were unable to  g iv e  
an exp lana t ion  o f  the r e la t io n s h ip  between a p a ir  o f  terms. 
For example i f  21/21 students could not g iv e  an exp lana tion  
o f  the r e la t io n s h ip  between a p a r t ic u la r  p a ir  o f  terms then 
tha t p a i r  o f  terms would be Ranked NUMBER 1 and considered  
to  be the MOST DIFFICULT. Whereas i f  0/21 students could 
not g iv e  an exp lan a t ion  o f  the r e la t io n s h ip  between a 
p a r t i c u la r  p a ir  o f  terms then tha t p a ir  o f  terms would be 
Ranked NUMBER 21 and be cons idered  the l e a s t  d i f f i c u l t .
This a n a ly s is  data would be d iscussed f u l l y  w ith  the 
r e le v a n t  member o f  s t a f f ,  thus making them f u l l y  aware o f  
t h e i r  p a r t i c u la r  group o f  students var ious  m isconceptions 
in  G enetics .
The s t a f f  were then d iv id e d  in to  TWO groups
Group P: S t a f f  who were not going to  be using the
Chromosome Model.
Group Q: S t a f f  who were go ing to  using the Chromosome
M odel.
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GROUP P:
These s t a f f  were asked to  go ahead and teach  t h e i r  students 
in  the usual manner (b ea r in g  in  mind the m isconceptions 
tha t had been i d e n t i f i e d )  and con tact me again  when they 
had completed the Genetics  in s t ru c t io n  so tha t the students 
could be Post Tes ted . They were a lso  asked i f  they  could 
supply me w ith  the workscheme tha t  they used.
Group Q:
These s t a f f  were asked to  undergo some S t a f f  Development in  
the use o f  the Chromosome Model.
The s t a f f  were shown the Chromosome Model and i t s  
accompanying worksheets and a llow ed  time, to  f a m i l i a r i s e  
themselves w ith  i t s  use. They were then shown the 15
minute v id eo  (T ra n s c r ip t  in  Appendix 7) on The Use o f  the 
Chromosome Model.
Once the s t a f f  had seen the v id eo  they were f r e e  to  ask any 
questions about what they had seen and to  use the 
Chromosome Model w ith  i t ’ s accompanying worksheets again , 
i f  necessary . When they were happy tha t  a l l  t h e i r  
questions had been answered they  were requested  to  ca rry  
out the fo l lo w in g
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1) Teach t h e i r  students g e n e t ic s  as normal, in troduc ing  
the Chromosome Model w here-ever they f e l t  i t  would be most 
u s e fu l .
2) Make a note o f  any comments tha t the students made 
about the Model (good and bad ).
3) Note down any comments th a t  they had about the Model 
(good and bad).
4) P rov id e  a work scheme o f  t h e i r  g e n e t ic s  in s t ru c t io n  
w ith  the areas h ig h l ig h te d  where the Model was used.
5) Contact me when they had completed the g e n e t ic s  
in s t ru c t io n  so th a t  the students could be post t e s te d  w ith  
the Tes t  B o o k le ts .
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4 .5 : T h e  i m p o r t a n c e  o f  b e i n g  a w a r e  o f  s t u d e n t  
m i s c o n c e p t i o n s .
Two s tu d ie s ,  Study A and B, were se t  up in  o rder  to  answer 
the o r i g in a l  two research  questions (Chapter 1, page 25 ).
1) Is  i t  important f o r  teachers  to  be aware o f  t h e i r  
s tu d en ts ’ concepts p r i o r  to  s ta r t in g  any in s t ru c t io n ?
2) Is  i t  necessary  to  a l t e r  the teach in g/ lea rn in g  
s t r a t e g ie s  in  any way in  the l i g h t  o f  th is  knowledge 
o f  student concepts?
STUDY A
( Chapter 5 ) .
In th is  study the le c tu r e r s  were not made aware o f  t h e i r  
students* m isconceptions. The students were then e i t h e r  
taught in  the T r a d i t io n a l  manner or w ith  the Chromosome 
M odel. The le c tu r e r  who used the Chromosome Model was not 
g iven  any s t a f f  development in  the use o f  the Model. They 
were simply g iv en  the Chromosome Model p lus i t ’ s 
accompanying worksheets and asked to  use i t  in  t h e i r  
teach ing  o f  g e n e t ic s .
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( Chapter 6 ) .
STU D Y B .
In th is  study the  l e c tu r e r s  were informed o f  t h e i r  
students* m isconceptions. The students were then e i t h e r  
taught in  the T r a d i t io n a l  manner or w ith  the Chromosome 
Model. In  th is  study, the s t a f f  using the Chromosome Model 
were g iv en  the S t a f f  Development descr ibed  in  4.4 (page 92)
By comparing the r e s u l t s  o f  STUDIES A & B (Chapter 7) i t  
should be p o s s ib le  to  answer those o r i g in a l  two research  
questions (Chapter 1, page 25 ).
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C h a p t e r  5 .  
L e c t u r e r s  n o t  i n f o r m e d  o f  
S t u d e n t  M i s c o n c e p t i o n s  
( S t u d y  A ) .
5 .1 ;D E S IG N  O F  S T U D Y  A :
Th is  study se ts  out to  t r y  and answer the quest ion  " I s  i t  
im por ta n t  f o r  teachers  to  he aware o f  t h e i r  s t u d e n ts 3 
concep ts  p r i o r  to  s t a r t i n g  any i n s t r u c t i o n "
Two groups o f  b io lo g y  A -L eve l  students were used from 
Educational Establishment T. They were both p r e . t e s t e d  
using the t e s t  b ook le ts .  The f in d in g s  o f  these pre t e s t s  
were not r e vea led  to  the le c tu r e r s  concerned.
One group (B I0 2 ),  n=14, were pre te s ted  in  September 1990, 
taught in  the t r a d i t i o n a l  manner and then post t e s te d  in  
May 1991.
The o th er  group (B I0 1 ) ,  n = l l ,  were pre t e s t e d  in  January 
1991, taught using the chromosome model and then post 
te s te d  in  June 1991. The l e c tu r e r  who used the Chromosome
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Model was not given any s t a f f  development in the use of the 
model. They were simply given the Model plus i t ’ s 
accompanying worksheets and asked to use i t  in the ir  
teaching of genetics.
5 .2 :T R A D IT IO N A L  T E A C H IN G  METHOD: R E S U LT S .
The number of students giving a p a rt icu la r  type of 
explanation is  looked at both pre and post th e ir  genetics  
instruction  to determine what, i f  any, changes have 
occurred (see Table 12).
As before (Chapter 3) the 21 Primary Terms were ranked 
according to d i f f i c u l t y .  D i f f ic u lt y  was again determined 
by considering the number of students who were unable to 
give an explanation of the re lationsh ip  between the Primary 
terms. The resu lts  are shown in Table 13 and Figure 3.
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Number
in
Booklet
Primary Terms
Number of Students giving a 
particular type of explanation
None Simple + Multiple
Pre(%) Post(%) Pre(%) Post(%)
1 Chromosome:Chromatid 14(100) 10(71) 0 (0) 4 (29)
2 Chromosome:Meiosis 8 (57) 5 (36) 6 (43) 9 (64)
3 Gene:Allele 12 (86) 10 (71) 2 (14) 4 (29)
4 Gametes:Zygote 5 (36) 4 (29) 9 (64) 10 (71)
5 Chromosome:Gene 2 (14) 5 (36) 12 (86) 9 (64)
6 Chromosome:Diploid 4 (29) 4 (29) 10 (71) 10 (71)
7 Chromosome:Haploid 3 (21) 3 (21) 11 (79) 11 (79)
8 Recessive:Allele 14(100) 10 (71) 0 (0) 4 (29)
9 Heterozygous:Homozygous 9 (64) 3 (21) 5 (36) 11 (79)
10 Heterozygous:Allele 14(100) 10 (71) 0 (0) 4 (29)
11 Gametes:Haploid 3 (21) 2 (14) 11 (79) 12 (86)
12 Zygote:Diploid 4 (29) 2 (14) 10 (71) 12 (86)
13 Phenotype:Dominant 12 (86) 5 (36) 2 (14) 9 (64)
14 Phenotype:Genotype 11 (79) 3 (21) 3 (21) 11 (79)
15 Homozygous:Allele 14(100) 9 (64) 0 (0) 5 (36)
16 Dominant:Allele 14(100) 8 (57) 0 (0) 6 (43)
17 Recessive:Dominant 6 (43) 3 (21) 8 (57) 11 (79)
18 Gene:Genotype 10 (71) 7 (50) 4 (29) 7 (50)
19 Gametes:Meiosis 6 (43) 3 (21) 8 (57) 11 (79)
20 Homozygous:P.Breeding 12 (86) 9 (64) 2 (14) 5 (36)
21 Diploid:Haploid 3 (21) 1 (7) 11 (79) 13 (93)
Table 12 The number o f students giving a p a r t icu la r  type of  
explanation both pre and post th e ir  genetics instruction . 
Note: in th is  tab le  Simple and Multiple correct responses 
are pooled. (TRADITIONAL) (N=14)
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Primary Terms
Number of students unable to give an 
explanation of the relationship between the 
primary terms either because one or both 
terms were wrong, never heard of or 
forgotten. (Rank Positions)
PRE POST
Chromosome:Chromatid 14 (3) 10 (2.5)
Recessive:Allele 14 (3) 10 (2.5)
Heterozygous:Allele 14 (3) 10 (2.5)
Homozygous:Allele 14 (3) 9 (5.5)
Dominant:Allele 14 (3) 8 (7)
Gene:Allele 12 (7) 10 (2.5)
Phenotype:Dominant 12 (7) 5 (10)
Homozygous:Pure Breeding 12 (7) 9 (5.5)
Phenotype:Genotype 11 (9) 3 (16)
Gene:Genotype 10 (10) 7 (8)
Heterozygous:Homozygous 9 (11) 3 (16)
Chromosome:Me i os i s 8 (12) 5 (10)
Recessive:Dominant 6 (13,5) 3 (16)
Gametes:Meiosis 6 (13.5) 3 (16)
Gametes:Zygote 5 (15) 4 (12.5)
Chromosome:D i plo i d 4 (16.5) 4 (12.5)
Zygote:Diploid 4 (16,5) 2 (19.5)
Chromosome:Haploid 3 (19) 3 (16)
Gametes:Haploid 3 (19) 2 (19.5)
Diploid:Haploid 3 (19) 1 (21)
Chromosome:Gene 2 (21) 5 (10)
Table 13 Responses o f the students both pre and post the 
Trad it ional Genetics Instruction  ranked according to 
d i f f i c u l t y  (N=14).
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Regression Line showing relationship 
between ore and post tests (table 13)
Figure 3
Graph showing the co rre la t ion  between the pre and post 
ranking o f the 21 pa irs  o f Terms by the students that were 
taught in the T rad it ional Manner (N=14).
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As can be seen from the graph, the slope of the lin e  is  
again pos it ive  and the corre la t ion  is  very highly  
s ign if ican t  (P = 0.001). This indicates that the terms 
which were perceived by the students as d i f f i c u l t  (ranked 
between 1 and 10) as compared to the other terms p r io r  to 
being taught were STILL perceived as d i f f i c u l t  fo llow ing  
teaching. A lso, those terms which were found to be not too 
d i f f i c u l t  (ranked between 11 and 21) as compared to the 
other terms p r io r  to being taught were STILL found to be 
not too d i f f i c u l t  fo llow ing teaching.
As stated before (Chapter 3) of the 21 Primary Terms, 5 
pairs  contain, as one o f the pa ir ,  the term A l le le .  Table 
14, below, shows that a l l  these 5 pa irs  of terms were 
ranked between 1 and 10 both Pre and Post genetics  
teaching.
No. in 
Booklet
Primary Terms Pre Rank 
(N) (%)
Post Rank 
(N) (%)
Percentage
Improvement
1 Ch romosome:Ch romat i d 3(14)(100) 2.5(10X71) 29
8 Recessive:Allele 3(14)(100) 2.5(10)(71) 29
10 Heterozygous:Allele 3(14)(100) 2.5(10X71) 29
15 Homozygous:Allele 3(14)(100) 5.5(9X64) 36
16 Dominant:Allele 3(14)(100) 7(8)(57) 43
3 Gene:Allele 7(12X86) 2.5(10)(71) 15
13 Phenotype: Domi nant 7(12)(86) 10(5)(36) 50
20 Homozygous:PBreeding 7(12)(86) 5.5(9)(64) 22
18 Gene:Genotype 10(10)(71) 8(7)(50) 21
Table 14 Terms ranked between 1 and 10 both pre and post 
the genetics instruction .
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The percentage improvements (apart from possib ly  fo r  
Phenotype:Dominant) are very poor. The in a b i l i t y  to give  
an explanation of the re la tionsh ip  was due to the student 
e ith e r :
1) getting one or both terms wrong.
2) not having heard of one or both of the terms.
3) being unable to remember the meaning of one or both of  
the terms.
In order to ascerta in  what was causing the problem, the 
responses of the students to the pa ir  of terms that 
contained A l le le  as one of them were examined in more 
de ta il  (see Table 15). Once again i t  is  shown that i t  is  
A l le le  that is  the problem term, with the students giving  
incorrect descriptions of th is  term.
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Primary Terms Reason for inability of the student (n=14) to give an 
explanation of the relationship between the terms
Wrong 
Pre & Post
Never Heard 
Pre & Post
Forgotten 
Pre & Post
Left Blank 
Pre & Post
Chromosome 1 & 4 0 & 0 0 & 0 1 & 1
Chromatid 9 & 9 4 & 0 0 & 0 1 & 1
Recessive 5 & 0 1 & 0 0 & 0 1 & -
Allele 6 & 7 2 & 0 2 & 0 ■ 4 & 1
Heterozygous 2 & 1 1 & 0 2 & 0 3 & 2
Allele 4 & 8 2 & 0 2 & 0 5 & 1
Homozygous 2 & 3 1 & 0 2 & 0 2 & 1
Allele 5 & 7 2 & 0 2 & 0 4 & 0
Dominant 4 & 1 0 & 0 0 & 0 2 & 1
Allele 4 & 5 2 & 0 2 & 0 6 & 1
Gene 3 & 3 0 & 0 0 & 0 1 & 1
Allele 5 & 6 2 & 0 2 & 0 3 & 0
Phenotype 5 & 2 0 & 0 3 & 0 1 & 0
Dominant 7 & 3 0 & 0 0 & 0 1 & 0
Homozygous 4 & 4 1 & 0 1 & 0 4 & 1
Pure Breeding 5 & 7 1 & 0 0 & 0 4 & 0
Gene 2 & 2 0 & 0 0 & 0 3 & 3
Genotype . 7 & 4 0 & 0 1 & 0 2 & 0
Table 15 The terms that were wrong, never heard o f or 
forgotten thus preventing the students from being able to 
give an explanation o f the re lationsh ip  between a p a ir  of  
terms.
To concen trate  on the r e la t io n s h ip  between Gene:A lle le  i t  
can be seen (Tab le  12) tha t p r io r  to  t h e i r  g e n e t ic s  
teach ing 12/14 students were unable to  g iv e  an exp lana tion  
o f  the r e la t io n s h ip  between these terms. S ix  o f  these
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twelve got one or both terms wrong. The rest  had either  
never heard or had forgotten the meaning of A l le le .
These misconceptions are shown in Figure 4.
STUDENT
CODE
MISCONCEPTION
CM GENE CONTAINS TWO ALLELES
LM AN ALLELE IS A PAIR OF GENES
MG A GENE IS MADE UP OF ALLELES
SE ALLELE IS A THREAD BETWEEN TWO CHROMOSOMES
MW AN ALLELE IS MADE UP OF GENES
Figure 4 The misconceptions held by the students p r io r  to 
the genetics instruction .
These misconceptions genera lly  f a l l  into two main 
categories which are consistent with the misconceptions 
id en tif ied  in chapter 3. That i s :
Genes contain A l le le s  (N=2)
A l le le s  contain Genes (N=2)
Following the ir  genetics instruction  10/14 (Table 12) s t i l l  
could not give any explanation fo r  the re la t ionsh ip  between 
these two terms.
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Nine of these because they got one or both terms wrong and 
the remaining one explained a l l e l e  but l e f t  gene blank. 
These misconceptions are shown in Figure 5.
STUDENT
CODE
MISCONCEPTION
LM ALLELES MAKE UP GENES
CL TWO FORMS OF A GENE MAKE UP AN ALLELE
JS AN ALLELE IS AN ACTIVATED GENE
MG AN ALLELE IS PART OF A GENE
SE GENES CONTAIN ALLELES
MS AN ALLELE IS CARRIED ON A GENE
RK A GENE IS A SINGLE CHROMOSOME
PB A GENE CONSISTS OF THREE NUCLEOTIDES
Figure 5 The misconceptions held by the students fo llow ing  
the genetics instruction .
Again i t  can be seen that the misconceptions about a l l e le s  
f a l l  into two main groups:
Genes contain A l le le s  (N=4)
A l le le s  contain Genes (N = l)
5 .3: PRE TO P O ST  CHARGES
3 students (LH,RW & SF) appear to have gone from never 
having heard of or forgotten the meaning of a l l e l e  to being 
able to give the accepted s c ie n t i f ic  re lationsh ip  between 
gene: a l l e l e .
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2 students (CM & MW) have gone from a misconception to 
being able to give the accepted s c ie n t i f ic  explanation of 
the re lationsh ip  between g en e :a l le le .
4 students (CL,JS,RK & PB) however have gone from never 
having heard of or forgotten the meaning of the term a l l e l e  
to holding various misconceptions about the re lationsh ip  
between g en e :a l le le .
Students LM,MG & SE s t i l l  hold misconceptions.
Student MS has ac tua lly  gone from being able to give the 
accepted sc ie n t i f ic  re la tionsh ip  between gen e :a l le le  to the 
misconception that genes contain a l l e l e s .
Student LG was able to give the accepted s c ie n t i f ic  
explanation both pre and post the genetics instruction.
The misconceptions re Gene and A l le le  have persisted  
through the genetics instruction  an have become stronger, 
in as much as more students hold the misconceptions 
fo llow ing the instruction  than held them before. Such 
misconceptions then led to confusion with other pa irs  of 
terms. This is  i l lu s t ra te d  by looking at the responses of 
student CL.
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STU D ENT C L :
determines a persons/animals/plants ch a rac te r is t ic -  
there is  a d i f fe re n t  gene fo r  each characte r is t ic . I 
have heard the word A l le le  but can’ t r e c a l l  what i t  
means.
POST: A Gene is  a p a rt icu la r  section of a chromosome 
which controls a p a rt icu la r  character for the 
organism. An A l le le  is  two d iffe ren t  v a r ie t ie s  of a 
gene. BUT: within the explanation of the re lationsh ip  
between Recessive: Dominant the student states that: 
" . . . tw o  forms of genes dominant and recessive make an 
a l l e l e . . . "
PRE TO POST CHANGE
It  seems that CL has memorised the re lationsh ip  
between Gene:A lle le  and is  therefore able to state  
" . . . a n  A l le le  is(TWO) d i f fe ren t  v a r ie t ie s  o f a Gene.." 
HOWEVER while g iving the re lationsh ip  between 
Recessive:Dominant CL states " ..tw o  forms of Genes, 
dominant and recessive MAKE AN A l l e l e . . . "
Even where a student appeared to have adopted the accepted 
s c ie n t i f ic  explanation of the re lationsh ip  between
P R E : A  G e n e  i s  t h e  p a r t  o f  t h e  c h r o m o s o m e  w h ic h
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GenetAllele there was s t i l l  some confusion. This is  
i l lu s t ra te d  by looking at the responses of students RW and 
CM.
STUDENT RW:
»
PRE: Gene & A l le le ,  Left  Blank.
POST: A Gene is  a s ing le  chromosome which determines 
a characte r ist ic  found in a part of a strand of DNA. 
An A l le le  is  a type of gene.
PRE TO POST CHANGE
RW has developed the idea that a Gene = a s ingle  
Chromosome. So her explanation that " . .a n  A l le le  is  
a type of Gene.." although on the face of i t  would be 
accepted as correct a c tu a lly  means to her that an 
A l le le  is  a d i f fe re n t  chromosome!
This confusion is  apparent when RW attempts to explain  
the re lationsh ip  between Homozygous:A l le le  where she 
states that " . .a n  A l le le  is  a type of Gene. I f  there 
are two of these Genes together on a chromosome then 
the ind iv idual would be homozygous fo r  those 
A l l e l e s . . "
THIS IMPLIES THAT WHEN CHROMOSOME = TWO GENES IT = AN 
ALLELE.
110
STU D ENT CM:
POST: Gene is  the part of a chromosome which codes fo r  
a spec if ic  polypeptide. An A l le le  is  the type of gene 
which can be dominant or recessive which gives r is e  to 
a p a rt icu la r  ch arac te r is t ic . BUT: within the
explanation of the re lationsh ip  between Phenotype: 
Genotype the student states that: " . ..genotype equals 
types of A l le le s  present in a G en e . . . . "
PRE TO POST CHANGE
It  seems that CM has memorised the re lationsh ip  
between Gene:A lle le  and is  therefore able to state  
" . .a n  A l le le  is  a p a r t icu la r  type of Gene.." CM is  
also  able to explain  the re lationsh ip  between
Heterozygous:Homozygous and states, "..heterozygous = 
dominant and recessive A l le le .  Homozygous = two 
A l le le s  the sam e..."
CM’ s concept of Recessive:Dominant is  more
’ s c i e n t i f i c ’ and does not use terms l ik e  WEAK/POWERFUL 
but rather she states " . . . g i v in g  r is e  to i t s  
character. . . "
HOWEVER while giving the re lationsh ip  between
Phenotype: Genotype CM re fe rs  to "...TYPES of A l le le s  
PRESENT in Gene. . "
P R E : T h e  G e n e  c o n t a i n s  tw o  A l l e l e s .
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This student, while trying to explain the re lationsh ip  
between other pa irs  of terms, has reverted to her Pre 
concept of Gene:A lle le .
In fact of the f iv e  students (LH, RW, SF, CM & MW) who 
appear to have adopted the accepted s c ie n t i f ic  explanation  
for the re lationsh ip  between Gene:A llele only ONE (LH) 
could actua lly  have been considered to have done so since 
she WAS able to explain the re lationsh ip  between the other 
pairs  of terms that require an understanding of A l le le .  
F o r  e x a m p l e ,  d o m i n a n t : r e c e s s i v e  a n d  
heterozygous:homozygous.
The Pre and Post responses of a l l  the students in th is  
group can be found in Appendix 8.
The examination of the students’ responses to some of the 
other pa irs  of terms that require an understanding of the 
term A l le le  has revealed confusion.
I t  therefore seems that i t  is  more l ik e ly  that the Pre to 
Post changes are as fo llows
One student (LH) has gone from never having heard of or 
forgotten the meaning of the term a l l e l e  to being able to 
give the accepted s c ie n t i f ic  explanation of the 
re lationsh ip  between Gene:A lle le .
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Six students (RW,SF,CL, JS,RK & PB) have gone from never 
having heard of or forgotten the meaning of the term a l l e l e  
to holding various misconceptions about the re lationsh ip  
between Gene:A lle le .
Five students (LM,MG,SE,CM & MW) hold misconceptions about 
the re lationsh ip  between Gene:A llele  both pre and post 
the ir  genetics instruction .
Student MS has gone from being able to give the accepted 
s c ie n t i f ic  explanation o f the re lationsh ip  between 
Gene:A lle le  to the misconception that genes contain 
a l l e l e s .
Student LG was able to give the accepted sc ie n t i f ic  
explanation fo r  the re la tionsh ip  between Gene:A llele  both 
pre and post the genetics instruction.
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5.4: CHROMOSOME MODEL T E A C H IN G  R E S U LT S :
The students (N = l l )  were pre tested and as before the 
member o f s t a f f  was not informed of any misconceptions that 
were id en t if ied . The lec tu re r  was then given the 
Chromosome Model and i t ’ s accompanying worksheets with no 
guidance on i t s  use as a means of challenging  
misconceptions.
The number of students giving a p a rt icu la r  type of  
explanation is  looked at both pre and post the ir  genetics  
instruction to ascerta in  what, i f  any, changes have 
occurred (see Table 16).
The 21 primary terms were again ranked according to 
d i f f ic u l t y .  D i f f ic u lt y  once again being determined by 
considering the number o f students who were unable to give  
an explanation of the re la tionsh ip  between a pa ir  of terms. 
The resu lts  are shown in Table 17 and Figure 6.
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Number
in
Booklet
Primary Terms Number of Students giving a 
particular type of explanation
None Simple + Multiple
Pre(%) Post(%) Pre(%) Post(%)
1 Chromosome:Chromatid 9(82) 3(27) 2(18) 8(73)
2 Chromosome:Meiosis 10(91) 3(27) 1(9) 8(73)
3 Gene:Allele 10(91) 7(64) 1(9) 4(36)
4 Gametes:Zygote 9(82) 6(55) 2(18) 5(45)
5 Chromosome:Gene 2(18) 1(9) 9(82) 10(91)
6 Chromosome:Diploid 9(82) 2(18) 2(18) 9(82)
7 Chromosome:Haploid 10(91) 2(18) 1(9) 9(82)
8 Recessive:Allele 9(82) 5(45) 2(18) 6(55)
9 Heterozygous:Homozygous 11(100) 3(27) 0(0) 8(73)
10 Heterozygous:Allele 10(91) 7(64) 1(9) 4(36)
11 Gametes:Haploid 11(100) 6(55) 0(0) 5(45)
12 Zygote:Diploid 10(91) 5(45) 1(9) 6(55)
13 Phenotype:Dominant 10(91) 6(55) 1(9) 5(45)
14 Phenotype:Genotype 10(91) 3(27) 1(9) 8(73)
15 Homozygous:Allele 10(91) 6(55) 1(9) 5(45)
16 Dominant:Allele 10(91) 5(45) 1(9) 6(55)
17 Recessive:Dominant 3(27) 3(27) 8(73) 8(73)
18 Gene:Genotype 8(73) 6(55) 3(27) 5(45)
19 Gametes:Meiosis 10(91) 3(27) 1(9) 8(73)
20 Homozygous:P.Breeding 10(91) 7(64) 1(9) 4(36)
21 Diploid:Haploid 10(91) 3(27) 1(9) 8(73)
Table 16 The number of students giving a p a rt ic u la r  type o f  
explanation both pre and post th e ir  Genetics Instruction  
with the Chromosome Model (N = l l ) .  Note: in th is  tab le
Simple and M ultip le  responses are pooled.
115
Primary Terms
Number of students unable to give an 
explanation of the relationship between the 
primary terms either because one or both terms 
were wrong, never heard of or forgotten. (Rank 
Positions)
PRE POST
Heterozygous:Homozygous 11 (1.5) 3 (15)
Gametes:Haploid 11 (1.5) 6 (6)
Chromosome:Meiosis 10 (8.5) 3 (15)
Gene:Allele 10 (8.5) 7 (2)
Chromosome:Haploid 10 (8.5) 2 (19.5)
Heterozygous:Allele 10 (8.5) 7 (2)
ZygoteiDiploid 10 (8.5) 5 (10)
Phenotype:Dominant 10 (8.5) 6 (6)
Phenotype:Genotype 10 (8.5) 3 (15)
Homozygous:Allele 10 (8.5) 6 (6)
Dominant:Allele 10 (8.5) 5 (10)
Gametes:Meiosis 10 (8.5) 3 (15)
Homozygous:P.Breeding 10 (8.5) 7 (2)
Diploid:Haploid 10 (8.5) 3 (15)
Chromosome:Chromatid 9 (16.5) 3 (15)
Gametes:Zygote 9 (16.5) 6 (6)
Chromosome:Diploid 9 (16.5) 2 (19.5)
Recessive:Allele 9 (16.5) 5 (10)
Gene:Genotype 8 (19) 6 (6)
Recessive:Dominant 3 (20) 3 (15)
Chromosome:Gene 2 (21) 1 (21)
Table 17 Responses o f the students both Pre and Post 
genetics instruction  using the Chromosome Model ranked 
according to d i f f i c u l t y  (N = l l ) .
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Regression Line showing relationship 
between pre and post tests (table 17)
Figure 6
Graph showing the co rre la t ion  between the pre and post 
ranking o f the 21 pa irs  o f  Terms by the students taught 
with the Chromosome Model (N = l l ) .
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The graph ( f ig u re  6) shows that there is  nb s ign if ic an t  
corre la t ion  between the pre and post ranking of the terms 
by the students (P = 0 .05 ). This lack of corre la t ion  could 
be because so many of the students found most o f the terms 
d i f f i c u l t  p r io r  to th e ir  genetics instruction. 91% of the 
group were unable to give an explanation of the 
re lationsh ip  between 12/21 pa irs  of terms. I t  was decided 
therefore to look at the pa irs  of terms that were ranked 
between 1 and 10 BOTH pre and post the genetics instruction  
to see what, i f  any, changes had occurred (see Table 18). 
I t  i s  s ign if ic an t  that when th is  table  is  examined 4 of the 
5 pa irs  o f terms containing A l le le  are seen to be present.
No. in 
Booklet
Primary Terms PRE RANK 
(N) (%)
POST RANK 
(N) (%)
Percentage
improvement
3 Gene:Allele 8.5(10)(91) 2(7) (64) 27
10 Heterozygous:Allele 8.5(10)(91) 2(7) (64) 27
11 Gametes:Haploid 1.5(11)(100) 6(6)(55) 45
12 Zygote:Diploid 8.5(10)(91) 10(5)(45) 46
13 Phenotype:Dominant 8.5(10)(91) 6(6)(55) 36
15 Homozygous:Allele 8.5(10)(91) 6(6)(55) 36
16 Dominant:Allele 8.5(10)(91) 10(5)(45) 46
20 Homozygous:P.Breeding 8.5(10)(91) 2(7) (64) 27
Table 18 Terms ranked between 1 and 10 BOTH pre and post 
genetics instruction .
Again the percentage improvements are very poor. Indeed 
they are almost iden tica l to those obtained when the 
students were taught in the t rad it io n a l manner (see Table  
18a on the fo llow ing page).
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PRIMARY TERMS
TRADITIONAL 
( PERCENTAGE 
IMPROVEMENT)
MODEL 
( PERCENTAGE 
IMPROVEMENT)
Gene;A l le le 15 27
Heterozygous:A l le le 29 27
Phenotype:Dominant 50 36
Homozygous:A l le le 36 36
Dominant:A l le le 43 46
Homozygous:P .Breeding 22 27
Table 18a A comparison o f  the percentage improvements seen 
fo llow ing teaching in the T rad it iona l manner and fo llow ing  
teaching using the Chromosome Model.
The in a b i l i t y  to give an explanation of the re lationsh ip  
was due to the student e ither:
1) getting one or both terms wrong.
2) not having heard of one or both terms.
3) being unable to remember the meaning of one or both 
terms.
The responses of the students to the pa irs  of terms where 
A l le le  is  one of the pa ir  were examined as had been done 
previously  with the students taught in the Trad itional  
manner to try  and determine which term/s were causing the 
problem (see Table 19).
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Primary Terms Reason for inability of the student (n=ll) to give an 
explanation of the relationship between the terms.
Wrong 
Pre & Post
Never Heard 
Pre & Post
Forgotten 
Pre & Post
Left Blank 
Pre & Post
Gene 2 & 1 1 & 0 0 & 0 0 & 0
Allele 2 & 7 6 & 0 1 & 0 1 & 0
Heterozygous 3 & 3 2 & 0 3 & 0 1 & 0
Allele 1 & 4 6 & 0 1 & o ■ 2 & 1
Gametes 2 & 2 3 & 0 3 & 0 2 & 1
Haploid 6 & 0 1 & 0 2 & 1 1 & 2
Zygote 1 & 0 2 & 0 3 & 1 2 & 3
Diploid 6 & 0 0 & 0 3 & 1 1 & 3
Phenotype 3 & 0 2 & 0 2 & 0 2 & 1
Dominant 2 & 1 2 & 0 0 & 0 1 & 3
Homozygous 2 & 4 3 & 0 2 & 0 1 & 0
Allele 1 & 4 6 & 0 1 & 0 1 & 1
Dominant 3 & 0 2 & 0 0 & 1 2 & 2
Allele 1 & 2 5 & 0 1 & 1 2 & 1
Homozygous 2 & 3 2 & 0 3 & 0 2 & 2
P.Breeding 4 & 3 2 & 0 1 & 1 2 & 3
Table 19 The terms that were wrong, never heard o f or  
forgotten thus preventing the students from being able to 
give an explanation o f the re lationsh ip  between a pa ir  of  
terms.
This ta b le  shows tha t where a l l e l e  is  one o f  the terms i t  
i s  a l l e l e  tha t  tends to  be the cause o f  the problem 
( gene : a l l e l e ; h e te ro zygou s : a l l e l e  and dominant: a l l e l e ),
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Again when Gene:A lle le  is  concentrated on i t  can be seen 
(Table 16) that p r io r  to. th e ir  genetics instruction  10/11 
students were unable to give an explanation of the 
re lationsh ip  between these terms. Two of these ten got one 
or both terms wrong while the other eight  
( CC,DJB,KC, SC,EC,DB, SA & LM) had either never heard or had 
forgotten the meaning of A l le le .  The misconceptions are 
shown in f igu re  7.
STUDENT CODE MISCONCEPTION
NR THE ALLELE IS PART OF THE GENE
TB AN ALLELE IS PART OF A GENE
Figure 7 The misconceptions held by the students p r io r  to 
the genetics instruction .
The misconception is ,  as before, that Genes contain  
A l l e l e s .
Following the ir  genetics instruction 7/12 students (Table  
16) s t i l l  could not give any explanation of the 
re lationsh ip  between these two terms. ALL of them because 
they explained A l le le  incorrectly . The misconceptions are 
shown in figu re  8.
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STUDENT CODE MISCONCEPTION
CC GENE CONTAINS ALLELES
DJB (DOMINANT) GENE ON AN ALLELE
KC ONE GENE IS MADE UP OF TWO ALLELES
FE GENES CONTAIN ALLELES
NR GENES ARE MADE UP OF ALLELES
TB ALLELES MAKE UP GENES
DB ALLELES ARE CARRIED BY GENES
Figure 8 The misconceptions held by the students fo llow ing  
the genetics instruction .
5 .5: PRE  TO PO ST  CHANGES
Students SC,EC,LM & SA have gone from never having heard of 
or forgotten the meaning o f the term a l l e l e  to being able  
to give the accepted s c ie n t i f ic  explanation of the 
re lationsh ip  between g e n e :a l le le .
4 students however have gone from never having heard of or 
forgotten the meaning of the term a l l e l e  to the 
misconception that genes contain a l l e l e s  (CC,KC & DB) or 
a l l e l e s  contain genes ( DJB).
Students NR & TB s t i l l  have the misconception that genes 
contain a l l e l e s .
122
Student FE has ac tua lly  gone from being able to give the 
accepted s c ie n t i f ic  explanation of the re la tionsh ip  between 
gen e :a l le le  to the misconception that genes contain  
a l l e l e s .
The misconceptions re Gene:A lle le  have pers isted  through 
the Genetics instruction  and have become stronger, in as 
much as more students hold the misconceptions fo llow ing the 
instruction  then held them before. Such misconceptions 
then led to confusion with other pa irs  of terms. This is  
i l lu s t ra te d  by looking at the responses of student DB:-
Student DB:
PRE: A gene determines what colour eyes, ha ir  you get 
and what determines what sex you a r e . You get your 
genes from your mum and dad. A l le le ,  never heard of 
i t .
POST: A gene is  carried  on the chromosome and contains 
the a l l e le s  that determine the features of the 
o f fs p r in g .
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PR E  TO  PO S T  CH AN G E S:
DB seems to be lieve  that genes contain a l l e l e s .  This 
leads to confusion when trying to explain the
re lationsh ip  between other pa irs  of terms, fo r
example, heterozygous: a l l e l e  where DB states that
heterozygous means a gene containing two d i f fe ren t  
a l l e l e s ,  and gene: genotype where DB states that the 
genotype is  the types of genes which have been MADE by 
the a l l e l e s .
When the explanations of the re lationsh ips  between the 
other pa irs  of terms were examined i t  was found that a l l  
except SC of the four students (SC, EC, LM & SA) who had 
appeared to have adopted the accepted s c ie n t i f ic  
explanation fo r  the re la tionsh ip  between Gene:A lle le  could 
be considered to have done so since they (EC, LM & SA) WERE 
able to explain the re la tionsh ip  between the other pa irs  of  
terms that required an understanding of A l le le .
The Pre to Post responses o f a l l  the students in th is
group, taught with the Chromosome Model, can be found in 
Appendix 9.
Taking into account the confusion h ighlighted by the 
examination of the responses of the students to the pa irs  
of terms that require an understanding of the term A l le le  
before a correct explanation o f the re lationsh ip  that ex is t
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between them can be given, i t  would seem more r e a l i s t i c  to 
suggest that the pre to post changes re Gene:A llele  were as 
fo l lo w s : -
Three students (EC,LM & SA) have gone from never having 
heard of or forgotten the meaning of the term a l l e l e  to 
being able to give the accepted s c ie n t i f ic  explanation of  
the re lationsh ip  between Gene:A lle le .
Five students however have gone from never having heard of 
or forgotten the meaning o f the term a l l e l e  to the 
misconception that genes contain a l l e le s  (SC,CC,KC & DB) or 
a l l e l e s  contain genes (DJB).
Two students (NR & TB) s t i l l  hold the misconception that 
genes contain a l l e l e s .
Student FE has gone from being able to give the accepted 
s c ie n t i f ic  explanation of the re lationsh ip  between 
Gene:A llele  to the misconception that genes contain  
a l l e l e s .
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5.6: T y p e s  o £  P r e  t o  P o s t  c h a n g e s .
There are several d i f fe ren t  types  of pre to post changes 
that can occur. The student could e ither go from:
1) A misconception to being able to give the accepted 
s c ie n t i f ic  explanation.
2) Not having heard of or forgotten the meaning of one or 
both terms to being able to give the accepted s c ie n t i f ic  
explanation.
3) Being able to give the accepted s c ie n t i f ic  explanation  
to s t i l l  being able to give the accepted sc ie n t i f ic  
explanation .
4) A misconception to not being able to remember or 
forgotten one or both terms.
5) Not having heard of or forgotten one or both terms to 
s t i l l  not being able to remember or never heard of one or 
both terms.
6) A misconception to s t i l l  holding the same misconception 
(o r holding a d i f fe ren t  misconception).
7) Not having heard of or forgotten one or both terms to 
a misconception.
8) Being able to give the accepted s c ie n t i f ic  explanation  
to holding a misconception.
I f  the types of pre to post changes are looked at i t  can be 
seen that some of the changes could be considered desirab le  
whereas others could be considered as undesirable.
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The pre to post changes ( 1 ) ,  (2)  and (3)  are very des irab le  
changes. Change (4 ) could be considered as simply 
d e s i r a b le , ( some progress has been made as i t  suggests that 
con flic t  has been introduced).
Undesirable Changes:
The pre to post changes (5 ) and (6 ) would indicate that 
l i t t l e ,  i f  any, learning has taken place and they are 
therefore undesirable. Whereas the pre to post changes (7 ) 
and (8 ) could be considered most undesirable.
Quantification of the pre to post changes as outlined above 
w i l l  a llow  comparisons to be made between d i f fe re n t  groups 
of students.
The pre to post changes (1 ) to (4 ) w i l l  be designated Dl to 
D4 (that is  DESIRABLE) and the pre to post changes (5 ) to 
(8 ) w i l l  be designated Ul to U4 (that is  UNDESIRABLE).
D e s i r a b l e  C h a n ges :
Teaching
Method
Actual Pre to Post Changes for Gene:Allele
Dl D2 D3 D4 Ul U2 U3 U4 Dl-4
(%)
Ul-4
(%)
Trad.
N=14
- 1 1 - - 5 6 1 2
(14)
12
(86)
Model. 
N=ll
- 3 - - - 2 5 1 3
(27)
8
(73)
Tab le  20 The types  o f  p re  to  post  changes t h a t  have 
occurred  in Study A.
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The d e s i r a b l e  changes a re  very  few r e g a r d l e s s  o f  whether  
the Model i s  used o r  not ( s e e  Tab le  2 0 ) .  Th is  would  
su gg e s t  th a t  i t  i s  important th a t  l e c t u r e r s  a r e  made aware  
o f  t h e i r  s tudent  m isconcept ions  BEFORE they s t a r t  to  teach  
them.
I t  would seem then th a t  the r e s u l t s  o f  Study A support  the  
f i n d i n g s  o f  o the r  workers  th a t  IT IS important to  know what 
the s t u d e n t ’ s concepts  a r e  BEFORE you s t a r t  teach ing  them 
(Nussbank and Novick,  1982; Osborne and W it t ro ck ,  1988; 
Dreyfus  et  a 7, 1990 and G i l - P e r e z  and C a r r a sco sa ,  1990).
I t  was suggested  a t  the end o f  Chapter 3 th a t  i f  the  
problem with G e n e :A l l e l e  cou ld  be r e so lv ed  then the o the r  
misconceptions  would, in e f f e c t ,  d i s a p p e a r .
To see  i f  t h i s  was indeed the case  the number o f  
r e l a t i o n s h i p s  (o u t  o f  a p o s s i b l e  21) g iven  by each s tudent  
was looked a t  both Pre and Post  the g e n e t i c s  in s t r u c t i o n .
The number o f  r e l a t i o n s h i p s  was then compared w ith  whether  
the s tudent  was a b l e  to  g i v e  the accepted  s c i e n t i f i c  
e x p la n a t io n  o f  the r e l a t i o n s h i p  between G e n e :A l l e l e  o r  not.
The r e s u l t s  were looked a t  in the f o l l o w i n g  way:
The id ea l  number o f  r e l a t i o n s h i p s  g iven Post  the g e n e t i c s  
teach ing  would be 21. T h e re fo re  the Pre number i s
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su b t ra c t e d  from 21 to  see  what the POSSIBLE improvement 
could  be (X ) .  The Pre number i s  then su b t r a c t e d  from the  
Post  number to  see  what the ACTUAL improvement was ( Y ) .  
The percentage  o f  the p o s s i b l e  improvement was then  
c a l c u l a t e d  by d i v i d in g  Y by X and m u l t i p ly in g  by 100.
Pe rcentages  were used in t h i s  way to  a l l o w  a d i s t i n c t i o n  to
be made between a s tu d e n t ,A ,  who went from say 18 to  21
showing an improvement o f  3 and a s tu d en t ,B ,  who went from 
10 to  13, a l s o  showing an improvement o f  3.
Student A could  on ly  improve by 3 BUT s tuden t  B could  
p o t e n t i a l l y  have improved by 11. Using the ’ pe rcentage  o f  
the p o s s i b l e  improvement’ , the r e s u l t s  would be as  f o l l o w s ;
Student A: 100%
Student B: 21%
This  t h e r e f o r e  shows th a t  Student A has ach ieved  the  
maximum p o s s i b l e  improvement whereas Student B COULD DO 
BETTER!
The percentage  o f  the P o s s i b l e  Improvement was c a l c u l a t e d  
f o r  those  s tuden ts  in Study A who were taught  in the  
T r a d i t i o n a l  manner, w ithout  the Chromosome Model ,  and f o r  
those s tudents  who were taught  with the Model.  These 
r e s u l t s  a re  presented  in T a b le s  21 and 22.
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Student
Number of 
Relationships 
given
Percentage 
of the 
possible 
improvement
Type of explanation 
for the 
relationship 
between Gene:Allele
PRE POST PRE POST
CM 9 20 92 NO (X) YES(M)$
LM 13 12 -8 NO (X) NO (X)
LG 4 6 12 YES. (M) YES (S)
CL 2 12 53 NO (0) NO (X)
LH 11 14 30 NO (0) YES (M)
JS 11 15 40 NO D NO (X)
RW 9 12 25 NO (- ) YES(S)*
RK 11 15 40 NO (- ) NO (- )
MG 9 11 17 NO (X) NO (X)
PB 9 14 42 NO D NO (X)
SE 6 11 33 NO (X) NO (X)
MW 11 18 70 NO (X) YES(M)$
MS 7 11 29 YES (S) NO (X)
SF 2 8 32 NO (- ) YES(S)*
* Students RW & SF showed no real understanding of the relationship 
between Gene:Allele when trying to explain the relationships between 
other pairs of terms (post yes’ s counted as no’ s).
$ Students CM & MW, although able to give the accepted sc ientif ic  
explanation of the relationship between Gene:Allele, reverted to their 
Pre misconception when attempting to explain the relationship between 
other pairs of terms (post yes’ s counted as no’ s ).
KEY: A = Never heard of the term
0 = Forgotten the meaning of the term 
- = Left blank 
X = Misconception
S = Simple explanation (using both primary terms +/- one 
other term)
M = Multiple explanation (using both primary terms + two or 
more other terms)
Table 21 The percentage o f the Possib le  Improvement of  
those students taught in the Trad it ional manner.
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Student
Number of 
Relationships 
given
Percentage of 
the possible 
improvement
Type of explanation 
for the relationship 
between Gene:Allele
PRE POST PRE POST
CC 4 10 35 NO C ) NO (X)
DJB 1 15 70 NO D NO (X)
KC 2 14 63 NO D NO (X)
FE 8 15 54 YES (S) NO (X)
SC 1 15 70 NO D YES(S)*
EC 4 20 94 NO C ) YES (M)
NR 10 12 18 NO (X) NO (X)
LM 2 12 53 NO (0) YES (M)
TB 3 10 39 NO (X) NO (X)
DB 3 11 44 NO C ) NO (X)
SA 2 5 16 NO (- ) YES (M)
* student SC when attempting to explain the relationship between 
Gene:Genotype stated that the genotype meant the a lle les  in the gene 
and therefore is obviously s t i l l  confused. Their post YES w ill  thus be 
counted as a NO.
KEY: ~ = Never heard of the term
0 = Forgotten the meaning of the term 
- = Left blank 
X = Misconception
S = Simple explanation (using both primary terms +/- one 
other term)
M = Multiple explanation (using both primary terms + two or 
more other terms)
Table 22 The percentage o f the Possib le  Improvement fo r  
those students taught with the Chromosome Model.
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I t  i s  now p o s s ib le  to  compare the percen tage  o f  the 
P o s s ib le  Improvements seen in  those students taught 
T r a d i t i o n a l l y  w ith  the percen tage  o f  the P o s s ib le  
Improvement seen in  those students who were taught w ith  the 
Chromosome Model. Remember in  n e ith e r  s i tu a t io n  were the 
teachers  aware o f  the s tu d en ts ’ m isconceptions tha t had 
been id e n t i f i e d  w ith  the Test Book le t .
Method of 
Teaching
Percentage of the Possible Improvement
When no 
explanation of 
the relationship 
between 
gene:Allele 
given (N)
When the accepted 
sc ientific  
explanation of 
the relationship 
between 
gene:Allele given 
(N)
A ll (N)
Trad.
(N=14) 39 (12) 21 (2) 36 (14)
Model
(N=ll) 46 (7) 58 (4) 51 (11)
Table 23 The percentage o f the Possib le  Improvement seen in  
students taught with and without the Chromosome Model where 
the teachers were unaware o f the students’ misconceptions.
This Tab le shows two major p o in ts :
1) The mean percen tage  o f  the p o s s ib le  improvement, 
although not sp ec tacu la r ,  i s  m a rg in a lly  b e t t e r  when 
the Chromosome Model was used.
2) Being ab le  to  g iv e  the accepted  s c i e n t i f i c  
exp lana tion  o f  the r e la t io n s h ip  between G e n e :A l le le  
seems to  in crease  the percen tage o f  the  P o ss ib le  
Improvement on ly  when the Model i s  used.
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These r e s u lts  suggest th a t  i t  i s  the METHOD OF TEACHING 
tha t i s  having an e f f e c t ,  re ga rd le s s  o f  the fa c t  tha t the 
s t a f f  were unaware o f  t h e i r  s tu d en t ’ s m isconceptions b e fo re  
they s ta r te d  teach ing  them.
The Chromosome Model in  i t s e l f  then seems to  be having an 
e f f e c t .
I t  was therefore very s ign if ic an t  that when 9 o f the 
o r ig in a l  14 in Study A who were taught in  the t rad it ion a l  
manner were challenged using the Chromosome Model they were 
able to SEE that there was c o n f l ic t  between th e ir  concept 
of gene and a l l e l e  and the accepted s c ie n t i f ic  one. (See 
Conceptual challenge using the Chromosome Model, Chapter
4 ).
5.7: S i w i r y
The f in d in g s  o f  Study A as summarised in  Tables 20 & 23 
suggested the fo l lo w in g  th ree  hypotheses:~
Hypothesis 1 i s  tha t the students taught using the 
Chromosome Model, by s t a f f  who are aware o f  t h e i r  
m isconceptions, w i l l  d is p la y  an improved performance 
compared to  the students who had been taught using the 
Chromosome Model w ithout the s t a f f  being aware o f  th e i r  
m isconcep tions .
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Hypothesis 2 is  tha t the students taught using the 
Chromosome Model, by s t a f f  who are aware o f  t h e i r  
m isconceptions, w i l l  d is p la y  an improved performance 
compared to  o th er  groups o f  students who are taught in  the 
t r a d i t i o n a l  manner even though the s t a f f  who teach them are 
aware o f  t h e i r  m isconceptions.
Hypothesis  3 is  tha t  students who are ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  between 
Gene and A l l e l e  w i l l  show a g r e a te r  percentage o f  the 
P o s s ib le  Improvement than those students who are unable to  
g iv e  such an exp lana t ion .
In  order to  t e s t  these hypotheses Study B was s e t  up. In 
STUDY B the le c tu r e r s  WILL be informed o f  the 
m isconceptions i d e n t i f i e d  by the Test B ook le ts , S t a f f  
using the Model w i l l  undergo s t a f f  development in  the use 
o f  the Model (7 groups o f  students, in  fou r d i f f e r e n t  
educa tiona l es tab lishm ents , 2 sch oo ls , 1 s ix th  form c o l l e g e  
and a C o l le g e  o f  Further Education ).
There w i l l  a lso  be two groups o f  students, 1 in  a s ix th  
form c o l l e g e  and 1 in  a school who w i l l  be taught in the 
t r a d i t i o n a l  manner (Chapter 6 ) .
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In o rder  to  judge student performance the fo l lo w in g  
c r i t e r i a  w i l l  be looked a t  and compared
1) The number o f  students w ith in  a group ab le  to  g iv e  
the accepted s c i e n t i f i c  exp lanation  fo r  the 
r e la t io n s h ip  between the p a ir s  o f  terms where A l l e l e  
is  one o f  the p a ir  compared to  the number tha t cannot.
2) The percentage o f  DESIRABLE CHANGES compared to  
UNDESIRABLE CHANGES, Pre to  Post the g en e t ic s  
in s t r u c t io n .
3) The percen tage o f  the P o s s ib le  Improvements Pre to  
Post the G enetics  in s t ru c t io n  f o r  ALL 21 PAIRS OF 
TERMS.
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C H A P T E R  6 .  L E C T U R E R S  I N F O R M E D  
O F  S T U D E N T  M I S C O N C E P T I O N S  
( S t u d y  B ) .
6.1; D E S IG N  O F  S T U D Y  B.
Study A produced th ree  hypotheses. The f i r s t  and second 
have the common theme tha t i f  teachers  are aware o f  
s tu d en ts ’ m isconceptions p r io r  to  teach ing  those students 
g e n e t ic s  then the re  w i l l  be an improved performance 
compared to  tha t seen when the teachers  were unaware o f  
the s tu d en ts ’ m isconceptions.
The second hypothes is  a lso  proposes tha t i f  the method o f  
in s t ru c t io n  i s  changed from the T r a d i t io n a l  method to  one 
where the Chromosome Model i s  used then the students w i l l  
show an improved performance.
The th i r d  hypothes is  suggests  tha t an important 
r e la t io n s h ip  f o r  the student to  understand to  ensure 
maximum improved performance i s  the r e la t io n s h ip  between 
Gene and A l l e l e .  Study B s e t  out to  t e s t  these th ree  
hypotheses .
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Seven groups o f  students were used from fou r d i f f e r e n t  
educa tiona l estab lishm ents  (coded, G, T, A and C ).
A l l  the students were p r e - t e s t e d  by the author in  t h e i r  
usual classrooms. The member o f  s t a f f  who norm ally taught 
them was f r e e  to  s tay  i f  they wished.
Once the responses had been analysed an appointment was 
made to  meet the s t a f f  member to  d iscuss the f in d in g s .  An 
example o f  an a n a ly s is  form from the educa tiona l 
es tab lish m en t, G, i s  inc luded  as an i l l u s t r a t i o n  on the 
fo l lo w in g  page.
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EDUCATIONAL ESTABLISHMENT, G. ANALYSIS FORM.
The following pairs of terms were ranked between 1 and 10 (with 1 being 
considered the most d i f f ic u lt )  by over 50% of the students (n=23). The 
students were unable to give an explanation of the relationship between these 
pairs of terms. This inab ility to give a relationship was due to the student 
either:
1) getting one or both terms wrong.
2) not having heard of one or both terms.
3) being unable to remember the meaning of one or both terms.
TERMS RANK POSITION NUMBER OF
STUDENTS. (%)
Homozygous:A lle le 1 21 (91)
Heterozygous:A lle le 2 20 (87)
Chromosome:Chromatid 3.5 19 (83)
Gene:Allele 3.5 19 (83)
Dominant:Allele 5 17 (74)
Chromosome:Meiosis 7 15 (65)
Recessive:Allele 7 15 (65)
Homozygous:Pure breeding 7 15 (65)
Gametes:Meiosis 9 13 (57)
21 pairs of terms 5 pairs contain the term Alle le. A ll these 5
of terms occur in the above table.
Many of the students (14/23) had never heard or had forgotten the meaning of 
the term Allele. They therefore used Gene in place of A lle le  when explaining 
the relationship between pairs of terms like Recessive:Allele; 
Het erozygous:Homozygous; Heterozygous : A l le le ;  Phenotype :Dominant; 
Homozygous:Allele; Dominant:Allele; Recessive:Dominant and Homozygous:Pure 
breeding. With Pure-breeding not being related to a lle les at a l l  but being 
considered to be ’ controlled breeding’ (GA20) or breeding between the same 
species (GA22).
Where the student believed that Genes contained Alleles or Alleles contained 
Genes (n=9; GA3,8,9,11,13,14,17, 18 & 19) this led to confusion with other 
pairs of terms like Homozygous:Allele; Heterozygous:Allele; Dominant:Allele; 
Recessive:Allele and Homozygous:Pure breeding. The students believed that 
Homozygous equals a gene containing two a lle les (GA8,11,17 & 18) and that 
Heterozygous equals a gene containing two different a lle les (GA8,11,13,17 & 
18).
Other students thought that a lle les  can contain two dominant genes (GA3 & 11) 
or that two recessive genes equals an a lle le  (GA3 & 9).
Chromatid was a term that caused some confusion. The student’ s descriptions 
implied that they were muddling the term up with terms like chromatin (GA19) 
or centromere (GA7 & 8).
Meiosis too was causing d if f icu lty . The two main misconceptions were that 
Meiosis was a type of c e l l  division that produced cells  with identical 
chromosomes (GA6,10,14,16 & 21) or that Meiosis was the process of 
fe r t i l iza t ion  (GA13 & 19).
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The f in d in g s  were d iscussed  in  d e t a i l  w ith  the member(s) o f  
s t a f f  concerned.
The same m isconceptions th a t  have been id e n t i f i e d  
p r e v io u s ly  in  th is  research  concerning g e n e : a l l e l e  in  
Educational Establishm ent T are  a lso  being found in  the 
educa tiona l estab lishm ents  G ,,A  & C.
Having informed the s t a f f  o f  t h e i r  students m isconceptions 
the aim o f  th is  pa r t  o f  the research  was to  determ ine the 
e f f e c t i v e n e s s  o f  va r iou s  teach ing  s t r a t e g ie s  in  causing 
conceptual change.
The students were th e r e fo r e  d iv id e d  in to  two main groups. 
One group (P )  would be taught in  the t r a d i t i o n a l  manner 
( th a t  i s ,  w ithout the Chromosome M odel), w h ile  the o ther  
group (Q) would be taught w ith  the Chromosome Model. The 
group lo c a t io n s  and student numbers are shown in  Table 24.
Group Educational Establishm ent
G T A C ALL
P (TRAD) 8 0 17 0 25
Q (MODEL) 13 9 8 + 8 20 57
Table 24 The number o f  students in vo lv ed  in  the  two main 
groups from the fo u r  ed u ca t ion a l es tab lishm ents .
1 3 9
The number o f  students in  each Educational Establishment 
w ith in  the two groups was sm all. The r e s u l t s ,  however w i l l  
be pooled  and compared, a t the end o f  th is  Chapter,
The s t a f f  in vo lv ed  in  teach ing  the students in  group (P )  
were asked to  go ahead and teach th e i r  students in  the 
usual manner bear ing  in  mind the m isconceptions tha t had 
been id e n t i f i e d .  They were asked to  con tact me when they 
had completed the g e n e t ic s  in s t ru c t io n  so tha t the students 
could be post t e s te d .  They were a lso  asked to  p rov id e  a 
work scheme.
The s t a f f  in vo lv ed  in  teach ing  the students in  group (Q) 
underwent the S t a f f  Development as descr ibed  in  Chapter 4 
and were asked to  ca r ry  out the f o l l o w in g : -
1) Teach t h e i r  students g e n e t ic s  as normal (b ea r in g  in
mind the m isconceptions tha t had been i d e n t i f i e d ) ,
in trod u c ing  the Chromosome Model w here-ever they f e l t  i t  
would be most u se fu l .
2) Make a note o f  any comments (good and bad ), tha t the
students made about the Model.
3) Note down any comments (good and bad ), tha t  they had 
about the Model.
4) P rov id e  a work scheme o f  t h e i r  g e n e t ic s  in s t ru c t io n  
w ith  the areas h ig h l ig h te d  where the Model was used.
5) Contact me when they  had completed the g e n e t ic s  
in s t ru c t io n  so that the students could be post te s te d .
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6 . 2 :  G R O U P Q R E S U L T S .
For each Educational Establishment the number o f  students 
g iv in g  a p a r t i c u la r  type o f  exp lana tion  i s  looked a t both 
pre and post the g e n e t ic s  in s t ru c t io n  to  a s c e r ta in  what, i f  
any, changes have occurred .
Educational Establishment, G. (N=13).
I t  was intended tha t as b e fo r e  the 21 p a irs  o f  terms would 
be ranked accord ing to  d i f f i c u l t y .  Th is was c e r t a in ly  
p o s s ib le  to  do w ith  the terms pre the g e n e t ic s  in s t ru c t io n  
and, as expected , o f  the 5 p a ir s  o f  terms tha t  conta in  
a l l e l e  as one o f  the. p a ir  most, were ranked between 1 and 
10 by over  50% o f  the students (s ee  Table 26 ).
I t  i s  important to  remember tha t these students form 13/23 
students from the edu ca t iona l estab lishm ent, G. The 
remaining students were taught in  the t r a d i t i o n a l  manner.
The f u l l  ranking o f  the terms f o r  a l l  the 23 students can 
be seen in  the Educational A n a lys is  form f o r  the 
educationa l es tab lishm ent, G a t  the beginn ing o f  th is  
ch ap te r .
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Number
in
Booklet
PRIMARY TERMS Number of Students giving a 
particular type of explanation
NONE SIMPLE+MULTIPLE
PRE(%) P0ST(%) PRE(%) P0ST(%)
1 Chromosome:Chromatid 10(77) 0(0) 3(23) 13(100)
2 Chromosome:Me i os i  s 9(69) 0(0) 4(31) 13(100)
3 Gene:Allele 11(85) 4(31) 2(15) 9(69)
4 Gametes:Zygote 4(31) 1(8) 9(69) 12(92)
5 Chromosome:Gene 8(62) 1(8) 5(38) 12(92)
1 6 Chromosome:Diploid 9(69) 0(0) 4(31) 13(100)
7 Chromosome:Haploid 9(69) 0(0) 4(31) 13(100)
8 Recessive:Allele 8(62) 2(15) 5(38) 11(85)
9 Heterozygous:Homozygous 8(62) 2(15) 5(38) 11(85)
10 heterozygous:Allele 11(85) 3(23) 2(15) 10(77)
11 Gametes:Zygote 6(46) 1(8) 7(54) 12(92)
I 12 Zygote:Diploid 6(46) 0(0) 7(54) 13(100)
13 Phenotype:Dominant 6(46) 0(0) 7(54) 13(100)
14 Phenotype:Genotype 5(38) 0(0) 8(62) 13(100)
15 Homozygous:A lle le 11(85) 3(23) 2(15) 10(77)
16 Dominant:A lle le 10(77) 3(23) 3(23) 10(77)
17 Recessive:Dominant 0(0) 0(0) 13(100) 13(100)
18 Gene:Genotype 5(38) 1(8) 8(62) 12(92)
19 Gametes:Meiosis 8(62) 2(15) 5(38) 11(85)
20 Homozygous:P.Breeding 8(62) 0(0) 5(38) 13(100)
21 Diploid:Haploid 8(62) (0) 5(38) 13(100)
Table 25 The number o f students giving a p a rt icu la r  type of  
explanation both pre and post the genetics instruction  
(N=13). EDUCATIONAL ESTABLISHMENT, G. GROUP (Q) .  Note: in  
th is  tab le  Simple and M ultip le  correct responses are  
pooled.
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Of the 21 primary terms, 5 p a irs  conta in  A l l e l e  as one o f  
the p a i r  and as Tab le  26 shows 4 o f  these p a ir s  were ranked 
between 1 and 10 both pre and post the g e n e t ic s  in s t ru c t io n  
by the students in d ic a t in g  tha t the students were s t i l l  
having problems w ith  these  terms.
Number
in
Booklet
Primary Terms
Rank
Number
Number o f  
Students (%)
3 Gene:A l l e l e 2 11(85)
10 H eterozygou s :A l l e l e 2 11(85)
15 Homozygous:A l l e l e 2 11(85)
1 Chromosome: Chromatid 4.5 10(77)
16 Dominant:A l l e l e 4.5 10(77)
2 Chromosome: M eios is 7 9(69 )
6 Chromosome: D ip lo id 7 9 (69 )
7 Chromosome .'Haploid 7 9 (69 )
Table 26 Terms ranked between 1 and 10 both pre and post 
the genetics instruction . Note: term Pa ir  8
(Recessive :A l l e l e )  was ranked 11.5, with 8/13 (62%) o f the 
students unable to give an explanation o f the re lationsh ip  
between these terms.
Where A l le le  was one o f  the p a ir  o f  terms i t  was tha t term 
that was causing the problem w ith  the m a jo r i ty  (10/13), o f  
the students e i t h e r  never having heard o f ,  o r  fo r g o t t e n ,  
i t s  meaning. One student ( GA3) b e l ie v e d  tha t  Genes 
contained A l le le s .
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Chromatid was a ls o  a problem term, w ith  th ree  students 
b e l i e v in g  tha t i t  was the , X o r  Y chromosome ( GA6) ,  the 
centromere (GA8) or the ac tu a l chromatin (GA19).
M eios is  was a ls o  a problem w ith  th ree  students b e l i e v in g  
tha t m eios is  was type o f  c e l l  d i v i s io n  tha t produced 
id e n t ic a l  daughter c e l l s  (GA6 & 21), or tha t i t  was the 
a c tu a l process o f  f e r t i l i z a t i o n  (GA19).
Where D ip lo id  and Haplo id  were in vo lv ed  the students 
in v a r ia b ly  sim ply go t  the terms the wrong way round 
( GA1,3 ,6 ,8  & 9 ) .
There was l i t t l e  p o in t  in  ranking the terms post the 
g e n e t ic s  in s t ru c t io n  as the number o f  students tha t were 
unable to  g iv e  an exp lan a t ion  o f  the r e la t io n s h ip  between 
the p a ir s  o f  terms was so low, see Table 25.
I t  was dec ided th e r e fo r e  to  look  a t the pre to  post changes 
tha t occurred in  the 5 p a ir s  o f  terms tha t con ta in  a l l e l e  
as one o f  the p a i r  (T ab le  27 ). These 5 were chosen s ince  
they were the p a ir s  o f  terms tha t  have, in  the prev ious 
in v e s t ig a t io n s ,  been ranked between 1 and 10 BOTH pre and 
post the g e n e t ic s  in s t ru c t io n .
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Primary terms
Students
exp lan a t ion
between
unable to  g iv e  an 
o f  the r e la t io n s h ip  
the terms (N=13)
PRE 
N (%)
POST 
N (%)
% Improvement
Gene:A l l e l e 11 (85 ) 4 (31) 54
R e c e s s iv e :A l l e l e 8 (62) 2 (15) 47
H eterozygou s :A l l e l e 11 (85 ) 3 (23) 62
Homozygous:A l l e l e 11 (85 ) 3 (23) 62
Dominant:A l l e l e 10 (77) 3 (23) 54
Table 27 The number o f  students who were unable to give an 
explanation o f the re la tionsh ip  between the pa irs  o f terms 
that contain ’ a l l e le *  as one o f  the terms, pre and post 
th e ir  genetics instruction  (G.gp.Q. N=13).
This ta b le  shows tha t  the use o f  the Chromosome Model has 
produced an in crease  in  the percen tage  improvements 
compared to  tha t seen p r e v io u s ly  when the students were 
taught e i t h e r  T r a d i t i o n a l l y  or w ith  the Chromosome Model 
BUT the le c tu r e r s  were not informed o f  t h e i r  s tu d en ts ’ 
m isconceptions (see  Tab le 14 ). For example when the 
students were taught w ith  the Model (N = l l )  without the 
le c tu r e r  be ing informed o f  t h e i r  m isconceptions the 
percentage improvement f o r  Gene:A l l e l e , f o r  example, was 
on ly  27% (see  ta b le  18 ).
The Gene:A lle le  misconceptions.
11/13 students were unable to  g iv e  an exp lan a t ion  o f  the 
r e la t io n s h ip  between th is  p a ir  o f  terms p r io r  to  t h e i r
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ge n e t ic s  in s t ru c t io n .  Th is was mainly due to  the fa c t  tha t 
the students had never heard o f  or had fo r g o t t e n  the 
meaning o f  the term A l l e l e  (10/11), GA1,2 ,5 ,6 ,8 ,9 .1 0 ,1 9  & 
20. The one m isconception  was tha t genes contained a l l e l e s  
( GA3) .
Fo llow in g  t h e i r  g e n e t ic s  in s t ru c t io n  there  were ju s t  4/13 
students tha t were unable to  g iv e  an exp lana tion  o f  the 
r e la t io n s h ip  between gene and a l l e l e .  One (GA9) had 
fo r g o t t e n  the meaning o f  a l l e l e  and the others  (GA5,6 & 10) 
he ld  the m isconceptions shown in  f ig u r e  9.
STUDENT CODE MISCONCEPTION
GAS ONE ALLELE CONSISTS OF SEVERAL GENES
GA6 ALLELES CONTAIN GENES
GA10 ALLELES ARE FOUND IN GENES
Figure 9 The misconceptions held by the students fo llow ing  
the genetics instruction .
PRE  TO PO ST  CHANGES
Six students ( GA1, 2 , 8 , 19 , 20 & 21) ,  have gone from never 
having heard o f  or fo r g o t t e n  the meaning o f  a l l e l e  to  be 
ab le  to  g iv e  the accepted  s c i e n t i f i c  exp lana tion  o f  the 
r e la t io n s h ip  between gene and a l l e l e .
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GA3 has gone from the m isconception  tha t  genes con ta in  
a l l e l e s  to  being ab le  to  g iv e  the accepted s c i e n t i f i c  
exp lana tion  between gene and a l l e l e .
GA9 was unable to  remember the meaning o f  the term a l l e l e  
both p r io r  to  and fo l lo w in g  the g e n e t ic s  in s t ru c t io n .
Students GA5,6 & 10 however, have gone from never having 
heard o f  or fo r g o t t e n  the meaning o f  a l l e l e  to  the 
m isconception  tha t genes con ta in  a l l e l e s .
Students GA4 & 23 were ab le  to  g iv e  the accepted s c i e n t i f i c  
exp lana tion  o f  the r e la t io n s h ip  between G e n e :A l le le  both 
pre and post the g e n e t ic s  in s t ru c t io n .
HOWEVER, as was shown in  Chapter 5, i t  i s  p o s s ib le  tha t  
even when a student i s  ab le  to  g iv e  what appears to  be the 
accepted s c i e n t i f i c  exp lana t ion  o f  the r e la t io n s h ip  
between G e n e :A l le le  th e re  may s t i l l  be con fus ion . I t  i s  
necessary th e r e fo r e  to  lo ok  in  more d e t a i l  a t  the fo l lo w in g  
types o f  Pre to  Post Changes: -
1) Going from never having heard o f  or fo r g o t t e n  the 
meaning o f  the term A l l e l e  to  being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  between 
G e n e :A l le le .  Students GA1,2 ,8 ,19 ,20  & 21.
2) Going from a m isconception  to  being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion . Student GA3.
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3) Being ab le  to  g iv e  the accepted s c i e n t i f i c  exp lana tion  
both pre and post the g e n e t ic s  in s t ru c t io n .  Students GA4 
& 23.
When th is  was done (see  Appendix 10) a l l  o f  the students, 
apart from GA20, could be cons idered  to  have adopted the 
accepted s c i e n t i f i c  exp lan a t ion  fo r  the r e la t io n s h ip  
between G e n e :A l le le  s ince  they  were ab le  to  e x p la in  the 
r e la t io n s h ip  between the o th er  p a ir s  o f  terms th a t  requ ire  
an understanding o f  A l l e l e .  In  o ther  words t h e i r  responses 
could be accepted.
Type o f  Pre to Post change f o r  G e n e :A l le le
D1 D2 | D3 D4 Ul U2 U3 U4 Dl-4 U l-4
1 5 | 2 - 1 - 4 - 8 5
Tab le  28 The number o f  D es ira b le  and U ndes irab le  changes 
th a t  have occurred  (G.Gp.Q. N=13).
Th is ta b le  shows tha t the m a jo r ity  o f  the Pre to  Post
changes have been D es ira b le  ones.
The number o f  r e la t io n s h ip s  (ou t o f  a p o s s ib le  21) g iven  by
each student both Pre and Post the g e n e t ic s  in s t ru c t io n
plus the percen tage  o f  the P o s s ib le  Improvement i s  shown in  
Table 29. The percen tage  o f  the P o s s ib le  Improvement i s  
then compared w ith  whether the student was ab le  to  g iv e  the 
accepted  s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  between 
G e n e :A l le le  or  not (s e e  Tab le  30 ).
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Student Number of 
Relationships given
Percentage 
of the 
possible 
improvement
Type o f explanation 
for the relationship 
between Gene:Allele
PRE POST PRE POST
GA1 7 21 100 NO D YES (S)
GA2 7 21 100 NO (0) YES (S)
GA3 9 20 92 NO (X) YES (S)
GA4 21 21 - YES (M) YES (S)
GA5 10 20 91 NO (0) NO (X)
GA6 7 16 64 NO (0) NO (X)
GA8 10 20 91 NO (0) YES (S)
GA9 3 11 44 NO (0) NO (0)
GA10 4 17 76 NO (0) NO (X)
GA19 11 21 100 NO (0) YES (S)
GA20 1 20 95 NO D YES(S)*
GA21 4 21 100 NO (0) YES (S)
GA23 18 21 100 YES (S) YES (S)
* this student was shown to s t i l l  be confused and therefore their post 
YES was counted as a NO.
KEY:-
= Never heard of the term.
0 = Forgotten the meaning of the term.
- = Left blank.
X = Misconception.
S = Simple explanation (using both primary terms +/- one other 
term).
M = Multiple explanation (using both primary terms + two or more 
other terms).
Table 29 The percentage o f the Possib le  Improvement o f  
those students that were taught using the Chromosome Model 
(G.Gp.Q.N=13).
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Percentage o f  the P o s s ib le  Improvement (Mean Va lues)
When no exp lana t ion  
o f  the r e la t io n s h ip  
between G e n e :A l le le  
g iv en  (N=5)
When the accepted 
s c i e n t i f i c  
exp lan a t ion  o f  the 
r e la t io n s h ip  between 
G e n e :A l le le  g iven  
( N=7)
A l l  
(N=12)
74 98 88
Table 30 The mean values fo r  the Percentage o f the Possib le  
Improvement when the student, fo llow ing the genetics  
instruction , was able  to give the accepted s c ie n t i f ic  
explanation fo r  the re la t ionsh ip  between Gene:A lle le  and 
when the student was not ab le  to give th is  re la tionsh ip .  
Plus the ove ra l l  mean, regard less o f whether the student 
could give a correct explanation or not (G.Gp.Q. N=13).
These r e s u l t s  suggest tha t th ere  i s  a g r e a te r  improvement 
when the student i s  ab le  to  g iv e  the accepted s c i e n t i f i c  
exp lana tion  f o r  the r e la t io n s h ip  between G e n e :A l le le .
Educational Establishment T, N=9.
Since th is  was a small group (N=9), and the number o f  
students tha t were unable to  g iv e  an exp lana tion  o f  the 
r e la t io n s h ip  between the p a ir s  o f  terms fo l lo w in g  the 
g e n e t ic s  in s t ru c t io n  was so low (see  Table 31) i t  was 
dec ided  once again  not to  do a pre/post rank comparison. 
The pre responses had a lrea d y  been ranked as th is  data had 
been g iv en  to  the l e c tu r e r  concerned to  a l e r t  them to  t h e i r  
students m isconception  (s ee  Appendix 11).
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Number
in
Booklet
PRIMARY TERMS Number of Students giving a 
particular type of explanation
NONE SIMPLE+MULTIPLE
PRE(%) POST(%) PRE(%) P0ST(%)
1 Chromosome:Chromat id 3(33) 2(22) 6(67) 7(78)
2 Chromosome:Meiosis 5(56) 3(33) 4(44) 6(67)
3 Gene:Allele 9(100) 5(56) 0(0) 4(44)
4 Gametes:Zygote 3(33) 3(33) 6(67) 6(67)
5 Chromosome:Gene 2(22) 0(0) 7(78) 9(100)
6 Chromosome:Diploid 4(44) 2(22) 5(56) 7(78)
7 Chromosome:Haploid 4(44) 2(22) 5(56) 7(78)
8 Recessive:A lle le 6(67) 0(0) 3(33) 9(100)
9 Heterozygous:Homozygous 5(56) 2(22) 4(44) 7(78)
10 Heterozygous:A lle le 8(89) 4(44) 1(11) 5(56)
11 Gametes:Zygote 3(33) 2(22) 6(67) 7(78)
12 Zygote:Diploid 5(56) 3(33) 4(44) 6(67)
13 Phenotype:Dominant 4(44) 2(22) 5(56) 7(78)
14 Phenotype:Genotype 5(56) 1(11) 4(44) 8(89)
15 Homozygous:A lle le 7(78) 3(33) 2(22) 6(67)
16 Dominant:A lle le 5(56) 1(11) 4(44) 8(89)
17 Recessive:Dominant 3(33) 0(0) 6(67) 9(100)
18 Gene:Genotype 4(44) 2(22) 5(56) 7(78)
19 Gametes .‘Meiosis 4(44) 1(11) 5(56) 8(89)
20 Homozygous:P.Breeding 4(44) 1(11) 5(56) 8(89)
21 Diploid:Haploid 4(44) 2(22) 5(56) 7(78)
Table 31 The number o f students giving a p a rt icu la r  type o f  
explanation both pre and post the genetics instruction  
(N=9). EDUCATIONAL ESTABLISHMENT, T. GROUP Q. Note: in
th is  tab le  Simple and M ultip le  responses have been pooled.
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As b e fo re  i t  was dec ided  to  look  at the changes in  the 5 
p a irs  o f  terms tha t con ta in  a l l e l e  as one o f  the p a ir .
Primary terms
Students unable to  g iv e  an 
exp lana tion  o f  the 
r e la t io n s h ip  between the terms 
(N=9)
PRE 
N(%)
POST
N(%)
% Improvement
Gene:A l l e l e 9 (100) 5 (56) 44
R e c e s s iv e :A l l e l e 6 (67 ) 0 (0 ) 67
H eterozygous:A l l e l e 8 (89 ) 4 (44 ) 45
Homozygous:A l l e l e 7 (78 ) 3 (33 ) 45
Dominant:A l l e l e 5 (56 ) 1(11) 44
Table 32 The number of students who were unable to give an 
explanation o f the re la tionsh ip  between the p a irs  o f  terms 
that contain ’ a l l e le *  as one o f the terms, pre and post 
th e ir  genetics instruction  (T.Gp.Q. N=9)
The percen tage  improvement i s  comparable to  the percentage 
improvement observed in  edu ca tiona l estab lishm ent, G (see  
Table 27 ).
The Gene:A lle le  misconceptions.
A l l  9 students were unable to  g iv e  an exp lana tion  o f  the 
r e la t io n s h ip  between G e n e :A l le le  p r io r  to  t h e i r  g e n e t ic s  
in s t ru c t io n  mainly because the students had fo r g o t t e n  or 
never heard o f  the term A l l e l e  (6 / 9 : IB , 2B, 3B, 4B, 7B & 8B).
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The remaining 3 students held  the m isconception  that an 
a l l e l e  equ a lled  a Chromosome (6B) or tha t Genes conta ined  
a l l e l e s  ( 5B & 9B) .
F o llow in g  t h e i r  g e n e t ic s  in s t ru c t io n  th e re  were 5/9 
students unable to  g iv e  an exp lana tion  o f  the r e la t io n s h ip  
between G e n e :A l le le .  1 (5B) cou ldn ’ t  remember the meaning 
o f  a l l e l e .  The o thers  (2B,3B,6B & 7B) held the
m isconception  tha t genes con ta in  a l l e l e s .
PRE TO PO ST  CHANGES.
Students 1B,4B & 8B have gone from never having heard o f  or 
fo r g o t t e n  the meaning o f  a l l e l e  to  being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lana t ion  o f  the r e la t io n s h ip  between 
Gene:A l l e l e .
Student 9B has gone from the m isconception  tha t genes 
con ta in  a l l e l e s  to  being ab le  to  g iv e  the accepted 
s c i e n t i f i c  exp lana tion .
Student 5B has gone from the m isconception  tha t genes 
con ta in  a l l e l e s  to  not being ab le  to  remember the meaning 
o f  a l l e l e .
Student 6B has changed t h e i r  m isconception  from b e l i e v in g  
tha t an a l l e l e  equals a chromosome to  b e l i e v in g  tha t genes 
con ta in  a l l e l e s .
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The o thers  (2B, 3B & 7B) have gone from never having heard 
o f  or fo r g o t t e n  the meaning o f  a l l e l e  to  the m isconception  
that genes con ta in  a l l e l e s .
HOWEVER, as was shown in  Chapter 5, i t  i s  p o s s ib le  tha t 
even when a student i s  ab le  to  g iv e  what appears to  be the 
accepted s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  
between G e n e :A l le le  th e re  may s t i l l  be con fus ion . I t  i s  
necessary th e r e fo r e  to  look  in  more d e t a i l  a t  the fo l lo w in g  
types o f  Pre to  Post Changes
1) Going from never having heard o f  or fo r g o t t e n  the 
meaning o f  the term A l l e l e  to  being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  between 
G e n e :A l le le .  Students IB, 4B & 8B.
2) Going from a m isconception  to  being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion . Student 9B.
3) Being ab le  to  g iv e  the accepted s c i e n t i f i c  exp lana tion  
both pre and post the g e n e t ic s  in s t ru c t io n .  There were no 
students in  th is  s i tu a t io n .
When th is  was done i t  was found tha t the responses o f  a l l  
the students, apart from student 4B, could be accepted (s e e  
Appendix 10).
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Type o f  Pre to  Post change f o r  G e n e :A l le le
Dl D2 D3 D4 Ul U2 U3 U4 Dl-4 Ul-4
1 2 - 1 - 1 4 - 4 5
Table 33 The number o f Desirab le  and Undesirable changes 
that have occurred (T.Gp.Q. N=9).
This ta b le  shows tha t the number o f  Desirab le  changes 
EQUALS the number o f  Undesirable changes.
The number o f  r e la t io n s h ip s  (ou t o f  a p o s s ib le  21) g iven  by 
each student both Pre and Post the g e n e t ic s  in s t ru c t io n  
plus the percentage o f  the P o s s ib le  Improvement i s  shown in  
Table 34. The percen tage  o f  the P o s s ib le  Improvement i s  
then compared w ith  whether the student was ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lana t ion  o f  the r e la t io n s h ip  between 
G e n e :A l le le  or not (see  Tab le 35 ),
1 5 5
Student
Number of 
Relationships given
Percentage 
of the 
possible 
improvement
Type of explanation 
for the relationship 
between Gene:Allele
PRE POST PRE POST
IB 4 13 53 NO (0) YES (S)
2B 0 10 48 NO n NO (X)
3B 20 18 -11 NO O NO (X)
4B 17 19 50 NO (0) YES(S)*
5B 16 19 60 NO (X) NO (- )
6B 7 19 86 NO (X) NO (X)
7B 7 14 50 NO D NO (X)
8B 12 15 43 NO (0) YES (S)
9B 9 20 92 NO (X) YES (S)
* this student was shown to s t i l l  be confused and therefore their post 
YES was counted as a NO.
KEY: A = Never heard of the term
0 = Forgotten the meaning of the term 
- = Left blank 
X = Misconception
S = Simple explanation (using both primary terms +/- one 
other term)
M = Multiple explanation (using both primary terms + two or 
more other terms)
Table 34 The percentage o f the Possib le  Improvement of  
those students taught using the Chromosome Model 
(T.Gp.Q.N=9).
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Percentage o f  the P o s s ib le  Improvement (Mean Values)
When no exp lana tion  
o f  the r e la t io n s h ip  
between G e n e :A l le le  
g iven  (N=6)
When the accepted 
s c i e n t i f i c  
exp lan a t ion  o f  the 
r e la t io n s h ip  between 
G e n e :A l le le  was g iv en  
( N=3)
A l l  (N=9)
47 63 52
Table 35 The mean values fo r  the Percentage o f the Possib le  
Improvement when the student, fo llow ing the genetics  
instruction , was able to give the accepted s c ie n t i f ic  
explanation fo r  the re la tionsh ip  between Gene:A llele  and 
when the student was not able to give th is  re lationsh ip .  
Plus the ove ra ll  mean, regard less of whether the student 
could give a correct explanation or not (T.Gp.Q. N=9).
These r e s u lts  suggest tha t  th e re  IS a g r e a te r  improvement 
when the student i s  ab le  to  g iv e  the accepted s c i e n t i f i c  
exp lana tion  o f  the r e la t io n s h ip  between G e n e :A l le le .
Educational Establishment, A(Group 1 ). (N=8)
Eleven students were pre t e s te d  but on ly  e ig h t  were 
a v a i la b le  f o r  the post t e s t .  S ince i t  is  th e r e fo r e  a small 
group and the number o f  students unable to  g iv e  an 
exp lana tion  o f  the r e la t io n s h ip  between the p a irs  o f  terms 
post t h e i r  g e n e t ic  in s t ru c t io n  was so low (see  Table 36) i t  
seemed o f  l i t t l e  va lu e  to  rank the terms. The pre 
responses (N = l l )  had been ranked as the data had been g iven  
to  the le c tu r e r  concerned to  a l e r t  them to  t h e i r  students 
m isconceptions (s ee  Appendix 11 ).
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Number
in
Booklet
PRIMARY TERMS Number of Sti 
particular type ol
idents giving a 
explanation. (N=8)
NONE SIMPLE+MULTIPLE
PRE(%) P0ST(%) PRE(%) P0ST(%)
1 Chromosome:Chromatid 3(37.5) 0(0) 5(62.5) 8(100)
2 Chromosome:Me i  os i  s 2(25) 1(12.5) 6(75) 7(87.5)
3 Gene:Allele 7(87.5) 2(25) 1(12.5) 6(75)
4 Gametes:Zygote 1(12.5) 0(0) 7(87.5) 8(100)
5 Chromosome:Gene 2(25) 1(12.5) 6(75) 7(87.5)
6 Chromosome:Diploid 1(12.5) 0(0) 7(87.5) 8(100)
7 Chromosome:Haploid 1(12.5) 0(0) 7(87.5) 8(100)
8 Recessive:Allele 5(62.5) 0(0) 3(37.5) 8(100)
9 Hetero:Homozygous 7(87.5) 1(12.5) 1(12.5) 7(87.5)
10 Heterozygous:Allele 7(87.5) 1(12.5) 1(12.5) 7(87.5)
11 Gametes:Zygote 3(37.5) 0(0) 5(62.5) 8(100)
12 Zygote:Diploid 2(25) 0(0) 6(75) 8(100)
13 Phenotype:Dominant 2(25) 0(0) 6(75) 8(100)
14 Phenotype:Genotype 3(37.5) 1(12.5) 5(62.5) 7(87.5)
15 Homozygous:Allele 8(100) 1(12.5) 0(0) 7(87.5)
16 Dominant:Allele 5(62.5) 0(0) 3(37.5) 8(100)
17 Recessive:Dominant 2(25) 0(0) 6(75) 8(100)
18 Gene:Genotype 4(50) 1(12.5) 4(50) 7(87.5)
19 Gametes:Meiosis 3(37.5) 0(0) 5(62.5) 8(100)
20 Homozygous:P.Breeding 6(75) 1(12.5) 2(25) 7(87.5)
21 Diploid:Haploid 1(12.5) 0(0) 7(87.5) 8(100)
Table 36 The number of students g iv ing a p a rt icu la r  type o f  
explanation both pre and post the genetics instruction  
(N=8). EDUCATIONAL ESTABLISHMENT, A (GROUP 1 ).  GROUP Q. 
Note: in th is  tab le  Simple and Multiple correct responses 
are pooled.
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The p a ir s  o f  terms th a t  con ta in  A l l e l e  as one o f  the p a ir  
have been ranked between 1 and 10 in  the p rev ious 
in v e s t ig a t io n s  o f  th is  study and so i t  i s  these terms that 
w i l l  be s tud ied  in  more d e t a i l  here . The changes tha t have 
occurred in  these 5 p a ir s  o f  terms are shown in  Table 37.
Primary terms
Students unable to  g iv e  an 
exp lan a t ion  o f  the r e la t io n s h ip  
between the terms (N=8)
PRE 
N(%)
POST 
N (%)
% Improvement
Gene:A l l e l e 7 (8 7 .5 ) 2(25 ) 62.5
R e c e s s iv e :A l l e l e 5 (6 2 .5 ) 0 (0 ) 62.5
H eterozygous:A l l e l e 7 (8 7 .5 ) 1 (12 .5 ) 75
Homozygous:A l l e l e 8 (100) 1 (12 .5 ) 87.5
Dominant:A l l e l e 5 (6 2 .5 ) 0 (0 ) 62.5
Table 37 The number o f students who were unable to give an 
explanation o f  the re la t ionsh ip  between the pa irs  o f terms 
that contain ’ a l l e le *  as one o f the terms, pre and post 
the ir  genetics instruction  (A l.Gp.Q. N=8).
Again the percen tage  improvement is  comparable to  the 
percentage improvements observed in  the educationa l 
estab lishm ents , G and T (s e e  Tab les  27 and 32 ).
The Gene:A lle le  misconceptions.
7/8 students were unable to  g iv e  an exp lana t ion  o f  the 
r e la t io n s h ip  between g e n e : a l l e l e  p r io r  to  t h e i r  g e n e t ic s
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in s t ru c t io n  e i t h e r  because they had never heard o f  or had 
fo r g o t t e n  the meaning o f  the term a l l e l e  (G2,3 ,6  & 9) or 
because they had go t one or both terms wrong. The 
m isconceptions are shown in  f i g u r e  10.
STUDENT
CODE
MISCONCEPTION
G4 WHEN TWO GENES MEET THEY BECOME AN ALLELE
G7 A GENE CONTAINS TWO ALLELES
G8 ALLELES ARE MADE UP OF GENES
Figure 10 The m isconceptions he ld  by the students p r i o r  to  
the g e n e t ic s  in s t ru c t io n .
Fo llow ing  t h e i r  g e n e t ic s  in s t ru c t io n  th e re  were ju s t  2/8 
students unable to  g iv e  an exp lana tion  o f  the r e la t io n s h ip  
between G e n e :A l le le ,  both because they got a l l e l e  wrong. 
The m isconceptions are shown in  f ig u r e  11.
STUDENT CODE MISCONCEPTION
G3 ALLELES ARE FOUND ON GENES
G4 AN ALLELE IS TWO GENES
F igu re  11 The m isconceptions he ld  by the students fo l lo w in g  
the g e n e t ic s  in s t ru c t io n .
160
P R E  T O  P O S T  C H A N G E S .
Students G2, G6 and G9 have gone from never having heard o f  
or fo r g o t t e n  the meaning o f  a l l e l e  to  being ab le  to  g iv e  
the accepted  s c i e n t i f i c  exp lana tion  o f  the r e la t io n s h ip  
between G e n e :A l le le .
Students G7 and G8 have gone from the m isconception  tha t a 
gene conta ins  a l l e l e s  or  an a l l e l e  con ta ins  genes 
r e s p e c t i v e ly  to  being ab le  to  g iv e  the accepted s c i e n t i f i c  
exp lanation  o f  the r e la t io n s h ip  between G e n e :A l le le .
Student G3 however has gone from never having heard o f  or 
fo r g o t t e n  the meaning o f  a l l e l e  to  the m isconception  that 
a l l e l e s  are found on genes and student G4 has re ta in ed  the 
m isconception tha t an a l l e l e  con ta ins  genes.
Student G10 was ab le  to  g iv e  the accepted  s c i e n t i f i c  
exp lana tion  o f  the r e la t io n s h ip  between G e n e :A l le le  both 
pre and post the g e n e t ic s  in s t ru c t io n .
HOWEVER, as was shown in  Chapter 5, i t  i s  p o s s ib le  tha t 
even when a student i s  ab le  to  g iv e  what appears to  be the 
accepted s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  
between G e n e :A l le le  th e re  may s t i l l  be con fus ion . I t  i s  
necessary th e r e fo r e  to  lo ok  as b e fo re  in  more d e t a i l  at the 
fo l lo w in g  types o f  Pre to  Post Changes: -
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1) Going from never having heard o f  or fo r g o t t e n  the 
meaning o f  the term A l l e l e  to  being ab le  to  g iv e  the 
accepted  s c i e n t i f i c  exp lana t ion  o f  the r e la t io n s h ip  between 
G e n e :A l le le .  Students G2, G6 & G9.
2) Going from a m isconception  to  being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion . Students G7 & G8.
3) Being ab le  to  g iv e  the accepted s c i e n t i f i c  exp lana tion  
both pre and post the g e n e t ic s  in s t ru c t io n .  Student G10.
When th is  was done i t  was found that the responses o f  ALL 
the students could be accepted  (see  Appendix 10 ).
Type o f  Pre to  Post change f o r  G e n e :A l le le
Dl D2 D3 D4 U1 U2 U3 U4 Dl-4 U l-4
2 3 1 - - - 2 - 6 2
Tab le  38 The number o f  D es ira b le  and U ndesirab le  changes 
tha t  have occurred (A l .  Gp.Q. N=8).
This ta b le  shows th a t  the m a jo r ity  o f  the Pre to  Post 
changes have been D es ira b le  ones (A l.G p.Q , N=8).
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The number o f  r e la t io n s h ip s  (ou t  o f  a p o s s ib le  21) g iven  by 
each student both Pre and Post the g e n e t ic s  in s t ru c t io n  
p lus the percentage P o s s ib le  Improvement i s  shown in  Table 
39. The percentage o f  the P o s s ib le  Improvement is  then 
compared w ith  whether the student was ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  between 
G e n e :A l le le  or not (s e e  Tab le 40 ).
Student
Number of 
Relationships given
Percentage 
o f the 
possible 
improvement
Type of explanation 
for the relationship 
between Gene:Allele
PRE POST PRE POST
G2 9 21 100 NO (- ) YES (S)
G3 11 15 40 NO (- ) NO (X)
G4 5 17 75 NO (X) NO (X)
G6 10 21 100 NO (0) YES (S)
G7 13 21 100 NO (X) YES (S)
G8 19 21 100 NO (X) YES (S)
G9 12 21 100 NO (0) YES (S)
G10 15 21 100 YES (S) YES (S)
KEY: A = Never heard of the term
0 = Forgotten the meaning of the term 
- = Left blank 
X = Misconception
S = Simple explanation (using both primary terms +/- one 
other term)
M = Multiple explanation (using both primary terms + two or 
more other terms)
Table 39 The percen tage  o f  the  P o s s ib le  Improvement o f  
those students taught w ith  the Chromosome Model (A l.G p.Q . 
N=8) .
1 6 3
Percentage o f  the P o s s ib le  Improvement (Mean Va lues)
When no exp lana tion  
o f  the r e la t io n s h ip  
between G e n e :A l le le  
g iv en  (N=2)
When the accepted 
s c i e n t i f i c  
exp lan a t ion  o f  the 
r e la t io n s h ip  between 
G e n e :A l le le  g iven  
( N=6)
A l l  ( N=8)
58 100 89
Tab le  40 The mean va lu es  f o r  the Percen tage o f  the P o s s ib le  
Improvement when the student, fo l lo w in g  the g e n e t ic s  
in s t ru c t io n ,  was a b le  to  g iv e  the accep ted  s c i e n t i f i c  
exp lana tion  f o r  the r e la t io n s h ip  between G e n e :A l le le  and 
when the student was not ab le  to  g iv e  th is  r e la t io n s h ip .  
P lus the o v e r a l l  mean, r e g a rd le s s  o f  whether the student 
cou ld g iv e  a c o r r e c t  exp lan a t ion  or not (A l.G p .Q . N=8).
These r e s u l ts  suggest tha t  th e re  is  a g r e a te r  improvement 
when the student is  ab le  to  g iv e  the accepted s c i e n t i f i c  
exp lana tion  f o r  the r e la t io n s h ip  between G e n e :A l le le ,
EDUCATIONAL ESTABLISHMENT, A (Gp. 2) N=8
12 students were pre t e s te d  but on ly  8 were a v a i la b le  f o r  
the post t e s t ,  The pre responses (N=12) had a lread y  been 
ranked as the data had been g iv en  to  the le c tu r e r  concerned 
to  a l e r t  them to  t h e i r  students m isconceptions (see  
Appendix 11 ).
1 6 4
Number
in
Booklet
PRIMARY TERMS Number of Stu 
particular type oj
dents giving a 
explanation.(N=8)
NONE SIMPLE+MULTIPLE
PRE(%) POST(%) PRE(%) POST(%)
1 Chromosome:Chromatid 4(50) 5(62.5) 4(50) 3(37.5)
2 Chromosome:Meiosis 7(87.5) 1(12.5) 1(12.5) 7(87.5)
3 Gene:Allele 7(87.5) 3(37.5) 1(12.5) 5(62.5)
4 Gametes:Zygote 2(25) 1(12.5) 6(75) 7(87.5)
5 Chromosome:Gene 1(12.5) 0(0) 7(87.5) 8(100)
6 Chromosome:Diploid 7(87.5) 2(25) 1(12.5) 6(75)
7 Chromosome:Haploid 7(87.5) 2(25) 1(12.5) 6(75)
8 Recessive:A lle le 7(87.5) 2(25) 1(12.5) 6(75)
9 Heterozygous:Homozygous 7(87.5) 3(37.5) 1(12.5) 5(62.5)
10 Heterozygous:A lle le 7(87.5) 3(37.5) 1(12.5) 5(62.5)
11 Gametes:Zygote 5(62.5) 1(12.5) 3(37.5) 7(87.5)
12 Zygote:Diploid 6(75) 2(25) 2(25) 6(75)
13 Phenotype:Dominant 5(62.5) 0(0) 3(37.5) 8(100)
14 Phenotype:Genotype 6(75) 1(12.5) 2(25) 7(87.5)
15 Homozygous:A lle le 8(100) 2(25) 0(0) 6(75)
16 Dominant:A lle le 6(75) 1(12.5) 2(25) 7(87.5)
17 Recessive:Dominant 0(0) 0(0) 8(100) 8(100)
18 ' Gene:Genotype 7(87.5) 3(37.5) 1(12.5) 5(62.5)
19 Gametes:Meiosis 5(62.5) 0(0) 3(37.5) 8(100)
20 Homozygous:P.Breeding 5(62.5) 1(12.5) 3(37.5) 7(87.5)
21 Diploid:Haploid 7(87.5) 1(12.5) 1(12.5) 7(87.5)
Table 41 The number o f  students g iv in g  a p a r t i c u la r  type o f  
exp lana tion  both pre and post the g e n e t ic s  in s t ru c t io n  
(N=8) .  GROUP Q. EDUCATIONAL ESTABLISHMENT, A(Group 2 ) .  
Note: in  t h is  t a b le  Simple and M u lt ip le  c o r r e c t  responses 
are  poo led .
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Due to  the small s i z e  o f  the group i t  was dec ided , as 
b e fo re ,  to  simply look  a t  the changes that had occurred in  
the 5 p a irs  o f  terms tha t con ta in  ’ a l l e l e ’ as one o f  the 
p a ir  (s e e  Table 42)
Primary terms
Students unable to  g iv e  an 
exp lana t ion  o f  the r e la t io n s h ip  
between the p a irs  o f  terms that 
con ta in  A l l e l e  (N=8)
PRE 
N (%)
POST 
N (%)
%
Improvement
Gene:A l l e l e 7 (8 7 .5 ) 3 (3 7 .5 ) 50
R e c e s s iv e :A l l e l e 7 (8 7 .5 ) 2 (25) 62.5
H eterozygous:A l l e l e 7 (8 7 .5 ) 3 (3 7 .5 ) 50
Homozygous:A l l e l e 8 (100) 2 (25) 75
Dominant:A l l e l e 6 (75) 1 (1 2 .5 ) 62.5
Table 42 The number o f  students who were ab le  to  g iv e  an 
exp lana tion  o f  the r e la t io n s h ip  between the p a ir s  o f  terms 
th a t  con ta in  ’ A l l e l e ’ as one o f  the p a ir  (A2. Gp.Q. N=8).
Once again  the percen tage  improvement i s  comparable to  the 
percentage improvements seen in  the o ther  educa tiona l 
estab lishm ents in  Group Q (see  Tables 27,32 & 37).
The G e n e :A l le le  m isconceptions.
7/8 students were unable to  g iv e  an exp lana tion  o f  the 
r e la t io n s h ip  between G e n e :A l le le  P r i o r  to  t h e i r  g en e t ic s  
in s t ru c t io n  mainly because they had never heard o f  or had
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fo r g o t t e n  the meaning o f  the term A l l e l e  (6 /7 ):  
G33 , 36 , 38 , 40 ,41 & 44. G37 had the m isconception  tha t Genes
con ta in  A l l e l e s .
Fo llow in g  t h e i r  g e n e t ic s  in s t ru c t io n  th ere  were on ly  3/8 
students tha t were unable to  g iv e  an exp lana t ion  o f  the 
re la t io n s h ip  between G e n e :A l le le  (G33,36 & 37) because they 
a l l  h e ld  the m isconception  tha t  Genes con ta in  A l l e l e s .
P R E  T O  P O S T  C H A N G E S .
Four students (G38,40,41 & 44) have gone from never having 
heard o f  or fo r g o t t e n  the meaning o f  A l l e l e  to  being ab le  
to  g iv e  the accepted s c i e n t i f i c  exp lana tion  o f  the 
r e la t io n s h ip  between G e n e :A l le le .
Student G37 s t i l l  holds the m isconception  tha t Genes 
con ta in  A l l e l e s .
Two students (G33 & G36) have gone from never having heard 
o f  or  fo r g o t t e n  the meaning o f  A l l e l e  to  the m isconception  
tha t Genes con ta in  A l l e l e s .
Student G42 was ab le  to  g iv e  the accepted s c i e n t i f i c  
exp lana tion  o f  the r e la t io n s h ip  between G e n e :A l le le  both 
pre and post the g e n e t ic s  in s t ru c t io n .
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HOWEVER, as was shown in  Chapter 5, i t  i s  p o s s ib le  tha t 
even when a student i s  ab le  to  g iv e  what appears to  be the 
accepted s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  
between G e n e :A l le le  th e re  may s t i l l  be con fus ion . I t  i s  
necessary th e r e fo r e  to  lo ok  in  more d e t a i l  a t the fo l lo w in g  
types o f  Pre to  Post Changes
1) Going from never having heard o f  o r  fo r g o t t e n  the 
meaning o f  the term A l l e l e  to  being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  between 
G e n e :A l le le .  Students G38, G40, G41 & G 44,
2) Going from a m isconception  to  being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion . There were none in  th is  
c a t e g o r y .
3) Being ab le  to  g iv e  the accepted s c i e n t i f i c  exp lanation  
both pre and post the g e n e t ic s  in s t ru c t io n .  Student G42.
When th is  was done i t  was found that the responses o f  
students G40 and G41 could not be accepted s in ce  th e re  was 
ob v iou s ly  s t i l l  some con fus ion  remaining.
1 6 8
S t u d e n t  G40
c h a r a c t e r i s t i c .  A l l e l e  = v a r ia t io n s  o f  the genes 
( d i f f e r e n t  p o s s i b i l i t i e s  f o r  tha t c h a r a c t e r i s t i c )
This student appears to  have adopted the accepted 
s c i e n t i f i c  exp lana tion  f o r  the r e la t io n s h ip  between
G e n e :A l le le  BUT in  h is  d e s c r ip t io n  o f  the r e la t io n s h ip  
between gene : genotype he s ta te s  tha t the a l l e l e s  tha t make 
up the genotype are found in  the gene.
Student G41
POST: a gene i s  a len g th  o f  DNA which c a r r ie s  a l l  the 
g e n e t ic  m a te r ia l  o f  the c e l l .  An a l l e l e  i s  a
v a r ia t io n  o f  a gene and c o n tro ls  c e r ta in
c h a r a c t e r is t i c s  o f  the organism eg co lou r ,  s i z e  e t c .
This student appears to  have adopted the accepted 
s c i e n t i f i c  exp lana tion  f o r  the r e la t io n s h ip  between
G e n e :A l le le  BUT in  h is  d e s c r ip t io n  o f  the r e la t io n s h ip  
between h e te ro zygou s : homozygous he s ta te s  tha t  homozygous 
is  a gene tha t conta ins  e i t h e r  two dominant or two 
r e c e s s iv e  a l l e l e s .
P O S T :  g e n e  = p a r t  o f  a  c h r o m o s o m e  t h a t  d e t e r m i n e s  a
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Students G40 and G41 are th e r e fo r e  s t i l l  confused about the 
r e la t io n s h ip  between Gene and A l l e l e  and consequently  t h e i r  
responses cannot be accepted  as d e s ira b le  pre to  post 
changes.
The responses o f  students G38, 40, 41, 44 and G42 are
included in  Appendix 10.
Type o f  Pre to  Post change f o r  G e n e :A l le le
D1 D2 D3 D4 Ul U2 U3 U4 Dl-4 U l-4
- 2 1 - - 1 4 - 3 5
Tab le  43 The number o f  D es ira b le  and U ndes irab le  changes 
tha t  have occurred (A2. Gp.Q. N=8).
This t a b le  shows tha t the number o f  U ndes irab le  changes 
EXCEEDS the number o f  D es ira b le  changes.
The number o f  r e la t io n s h ip s  (ou t o f  a p o s s ib le  21) g iv en  by 
each student both Pre and Post the g e n e t ic s  in s t ru c t io n  
p lus the percen tage  P o s s ib le  Improvement i s  shown in  Table 
44, The percen tage  o f  the p o s s ib le  improvement was then 
compared w ith  whether the student was ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  between 
G e n e :A l le le  or not.
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Student
Number of 
Relationships given
Percentage 
of the 
possible 
improvement
Type of explanation 
•for the relationship 
between Gene:Allele
PRE POST PRE POST
G33 4 12 47 NO (0) NO (X)
G36 4 11 41 NO D NO (X)
G37 5 16 69 NO (X) NO (X)
G38 7 16 64 NO (- ) YES (S)
G40 7 20 93 NO D YES(S)*
G41 6 18 80 NO D YES(S)*
G42 14 20 86 YES (S) YES (S)
G44 5 21 100 NO (0) YES (S)
* these two students were shown to be s t i l l  confused and therefore 
their post YES’ s w il l  be counted as a NO’ s.
KEY: A = Never heard of the term
0 = Forgotten the meaning of the term 
- = Left blank 
X = Misconception
S = Simple explanation (using both primary terms +/- one 
other term)
M = Multiple explanation (using both primary terms + two or 
more other terms)
Table 44 The percen tage  o f  the P o ss ib le  Improvement o f  
those students taught using the Chromosome Model 
(A2.Gp.Q .N=8).
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Percentage o f  the P o s s ib le  Improvement (Mean Values)
When no exp lana tion  
o f  the r e la t io n s h ip  
between G e n e :A l le le  
g iv en  (N=5)
When the accepted 
s c i e n t i f i c  
exp lan a t ion  o f  the 
r e la t io n s h ip  between 
G e n e :A l le le  g iven  
(N=3)
A l l  ( N=8)
65 87 73
Table 45 The mean va lues  f o r  the Percentage o f  the P o s s ib le  
Improvement when the student, fo l lo w in g  the g e n e t ic s  
in s t ru c t io n ,  was ab le  to  g iv e  the accepted s c i e n t i f i c  
exp lana t ion  f o r  the r e la t io n s h ip  between G e n e :A l le le  and 
when the student was not ab le  to  g iv e  t h is  r e la t io n s h ip .  
P lus the o v e r a l l  mean, r e g a rd le s s  o f  whether the  student 
could g iv e  a c o r r e c t  exp lan a t ion  o r  not (A2.Gp.Q. N=8).
These r e s u lts  suggest tha t  th ere  IS a g r e a te r  improvement 
when the student is  ab le  to  g iv e  the accepted s c i e n t i f i c  
exp lana tion  o f  the r e la t io n s h ip  between G e n e :A l le le .
Educational Estab lishm ent, C .(N=19)
Twenty students were pre t e s t e d  but on ly  19 were a v a i la b le  
fo r  the post t e s t .  The pre responses (N=20) had a lready  
been ranked as the data had been g iven  to  the le c tu r e r  
concerned to  a l e r t  them to  t h e i r  students m isconceptions. 
The A n a lys is  form i s  included in  Appendix 11.
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Number
in
Booklet
PRIMARY TERMS Number of Students giving a 
particular type of 
explanation.(N=19)
NONE SIMPLE+MULTIPLE
PRE(%) P0ST(%) PRE(%) P0ST(%)
1 Chromosome:Chromatid 18(95) 14(74) 1(5) 5(26)
2 Chromosome:Meiosis 15(79) 7(37) 4(21) 12(63)
3 Gene:Allele 19(100) 8(42) 0(0) 11(58)
4 Gametes:Zygote 6(32) 4(21) 13(68) 15(79)
5 Chromosome:Gene 4(21) 0(0) 15(79) 19(100)
6 Chromosome:Diploid 13(68) 6(32) 6(32) 13(68)
7 Chromosome:Haploid j 13(68) 6(32) 6(32) 13(68)
8 Recess ive :A lle le 18(95) 4(21) 1(5) 15(79)
9 Heterozygous:Homozygous 10(53) 7(37) 9(47) 12(63)
10 Heterozygous:A lle le 17(89) 7(37) 2(11) 12(63)
11 Gametes:Zygote 13(68) 6(32) 6(32) 13(68)
12 Zygote:Diploid 14(74) 8(42) 5(26) 11(58)
13 Phenotype:Dominant 10(53) 4(21) 9(47) 15(79)
14 Phenotype:Genotype 10(53) 3(16) 9(47) 16(84)
15 Homozygous:A lle le 16(84) 8(42) 3(16) 11(58)
16 Dominant:A lle le 16(84) 3(16< 3(16) 16(84)
17 Recessive:Dominant 2(11) 1(5) 17(89) 18(95)
18 Gene:Genotype 5(26) 3(16) 14(74) 16(84)
19 Gametes:Meiosis 11(58) 5(26) 8(42) 14(74)
20 Homozygous:P.Breeding 15(79) 7(37) 4(21) 12(63)
21 Diploid:Haploid 13(68) 9(47) 6(32) 10(53)
Tab le  46 The number o f  students g iv in g  a p a r t i c u la r  type o f  
exp lana tion  both pre and post  the g e n e t ic s  in s t ru c t io n  
(N=19) .  GROUP (Q ).  EDUCATIONAL ESTABLISHMENT, C. Note : in  
th is  ta b le  both Simple and M u lt ip le  c o r r e c t  responses are  
poo led .
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There was l i t t l e  p o in t  in  ranking the terms post the 
g e n e t ic s  in s t ru c t io n  as the number o f  students tha t were 
unable to  g iv e  an exp lan a t ion  o f  the r e la t io n s h ip  between 
the p a ir s  o f  terms was so low (ap a rt  from term p a ir  1 where 
14/19 could not g iv e  an exp lana tion  o f  t h e i r  r e la t io n s h ip ) .  
See Table 46.
The changes th a t  have occurred in  the 5 p a irs  o f  terms tha t 
con ta in  a l l e l e  as one o f  the p a ir  i s  shown below.
Primary terms
Students unable to  g iv e  an 
exp lana t ion  o f  the r e la t io n s h ip  
between the terms (N=19)
PRE 
N (%)
POST 
N (%)
% Improvement
Gene:A l l e l e 19 (100) 8 (42) 58
R e c e s s iv e :A l l e l e 18 (95 ) 0 (0 ) 95
H eterozygou s:A l l e l e 17 (89 ) 7 (37) 52
Homozygous:A l l e l e 16 (84 ) 8 (42) 42
Dominant:A l l e l e 16 (84 ) 3 (16) 68
Tab le  47 The number o f  students who were unable to  g iv e  an 
exp lan a t ion  o f  the r e la t io n s h ip  between the p a ir s  o f  terms 
tha t con ta in  ’ a l l e l e *  as one o f  the terms, pre  and post 
t h e i r  g e n e t ic s  in s t ru c t io n .
Once again  i t  i s  c l e a r  tha t the percentage improvement i s  
comparable to  the o th er  educa tiona l estab lishm ents in  Group 
Q (s e e  Tables 27, 32, 37 & 42 ).
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A l l  19 students were unable to  g iv e  an exp lana tion  o f  the 
r e la t io n s h ip  between G e n e :A l le le  p r io r  to  t h e i r  g e n e t ic s  
in s t ru c t io n  mainly because they  had never heard o f  or had 
fo r g o t t e n  the meaning o f  the term A l l e l e  (14/19), 
0 2 ,3 ,4 ,5 ,7 ,8 ,1 1 ,1 2 ,1 3 ,1 4 ,1 5 ,1 6 ,1 7  & 19. The remaining 5 
students held  the m isconceptions shown in  f i g u r e  12.
T h e  G e n e : A l l e l e  m i s c o n c e p t i o n s .
STUDENT
CODE
MISCONCEPTION
Cl GENES HOLD THE GENETIC MATERIAL FOR ALLELES
C9 AN ALLELE IS A GROUP OF GENES
CIO YOU NEED TWO ALLELES FOR ONE GENE
C18 A PAIR OF ALLELES MAKE UP A GENE
C20 AN ALLELE IS THE SAME AS A GENE
Figure  12 The m isconceptions he ld  by the students p r i o r  to  
the g e n e t ic s  in s t ru c t io n .
Fo llow in g  t h e i r  g e n e t ic s  in s t ru c t io n  there  were 8/19 
students tha t were unable to  g iv e  an exp lana tion  o f  the 
r e la t io n s h ip  between gene and a l l e l e .
One (C14) because they  could not remember the meaning o f  
the term a l l e l e .
The others  (0 1 ,5 ,9 ,1 0 ,1 2 ,1 5  & 18) held the m isconceptions 
shown in  f i g u r e  13.
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STUDENT
CODE
MISCONCEPTION
Cl AN ALLELE IS  MADE UP OF TWO OR MORE GENES
C5 A GENE IS MADE UP OF TWO OR MORE ALLELES
C9 A GENE IS MADE UP OF TWO OR MORE ALLELES
CIO A GENE IS A DIFFERENT PART OF AN ALLELE, 
TWO GENES MAKE AN ALLELE '
C12 AN ALLELE IS PART OF INFORMATION THAT 
FITS INTO A GENE
C15 AN ALLELE IS SMALLER THAT A GENE
C18 A GENE CONTAINS ALLELES
Figure  13 The m isconceptions he ld  by the students fo l lo w in g  
the g e n e t ic s  in s t ru c t io n .
P R E  T O  P O S T  G R A N G E S
Ten students (0 2 ,3 ,4 ,7 ,8 ,1 1 ,1 3 ,1 6 ,1 7  &19), have gone from 
never having heard o f  or fo r g o t t e n  the meaning o f  a l l e l e  to  
being ab le  to  g iv e  the accepted s c i e n t i f i c  exp lana tion  o f  
the r e la t io n s h ip  between gene and a l l e l e .
Student C20 has gone from the m isconception tha t  an a l l e l e  
and a gene are the same to  being ab le  to  g iv e  the accepted 
s c i e n t i f i c  exp lana tion  o f  the r e la t io n s h ip  between gene and 
a l l e l e .
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Student C14 was unable to  remember the meaning o f  the term 
a l l e l e  both p r i o r  to  and fo l lo w in g  the g e n e t ic s  
in s t r u c t io n .
Three students have gone from never having heard o f  or 
f o r g o t t e n  the meaning o f  a l l e l e  to  the m isconception  tha t 
genes con ta in  a l l e l e s  (C5 & C12) or  tha t an a l l e l e  i s
sm a lle r  than a gene (C15). The o th ers , C l , 9,10 & 18 held  
m isconceptions both pre and post the g e n e t ic s  in s t ru c t io n .
I t  i s  p o s s ib le  tha t  even when a student i s  ab le  to  g iv e  
what appears to  be the accepted s c i e n t i f i c  exp lana tion  o f  
the r e la t io n s h ip  between G e n e :A l le le  there  may s t i l l  be 
con fus ion . I t  i s  necessary th e r e fo r e  to  lo ok  in  more 
d e t a i l  a t the fo l lo w in g  types o f  Pre to  Post Changes: -
1) Going from never having heard o f  or fo r g o t t e n  the 
meaning o f  the term A l l e l e  to  being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lana tion  o f  the r e la t io n s h ip  between 
Gene:A l l e l e . Students C2, C3, C4, C7, C8, C l l ,  C13, C16, 
C17 & C19.
2) Going from a m isconception  to  being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion . Student C20.
3) Being ab le  to  g iv e  the accepted s c i e n t i f i c  exp lana tion  
both pre and post the g e n e t ic s  in s t ru c t io n .  There were no 
students in  th is  ca tego ry .
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When th is  was done i t  was found tha t a l l  the s tu d en ts ’ 
responses could be accepted apart from student C2 (see  
Appendix 10).
Type o f  Pre to  Post change f o r  G e n e ;A l le le
Dl D2 D3 D4 U1 U2 U3 U4 Dl-4 U l-4
1 9 - - 1 4------- 4 - 10 9
Tab le  48 The number o f  D es ira b le  and Undes irab le  changes 
th a t  have occurred (C. Gp.Q. N=19).
This ta b le  shows th a t  the number o f  D es ira b le  changes 
v i r t u a l l y  EQUALS the number o f  Undesirab le  changes.
The number o f  r e la t io n s h ip s  (ou t o f  a p o s s ib le  21) g iv en  by 
each student both Pre and Post the g e n e t ic s  in s t ru c t io n  
p lus the percentage P o s s ib le  Improvement i s  shown in  Table 
49. The percen tage  o f  the P o s s ib le  Improvement i s  then 
compared w ith  whether the student was ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lana t ion  o f  the r e la t io n s h ip  between 
Gene and A l l e l e  or  not (s e e  Table 50 ).
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Student
Number of 
Relationships given
Percentage 
of the 
possible
Type of explanation 
for the relationship 
between Gene:Allele
PRE POST
improvement
PRE POST
Cl 8 17 69 NO X) NO (X)
C2 7 19 86 NO 0) YES(S)*
C3 6 15 60 NO A YES (S)
C4 4 12 47 NO A YES (S)
C5 4 15 65 NO 0) NO (X)
C7 5 12 44 NO 0) YES (S)
C8 3 18 83 NO 0) YES (S)
C9 12 13 11 NO X) NO (X)
CIO 12 10 -17 NO X) NO (X)
Cll 13 20 88 NO A YES (S)
C12 2 10 42 NO 0) NO (X)
C13 15 21 100 NO - ) YES (M)
C14 2 10 42 NO A NO (0)
C15 4 12 47 NO A NO (X)
C16 4 8 24 NO A YES (S)
C17 12 21 100 NO 0) YES (S)
C18 10 12 18 NO X) NO (X)
C19 3 13 56 NO A YES (S)
C20 16 21 100 NO X) YES (S)
* this student is s t i l l  confused and therefore their post YES w ill  be 
counted as a NO.
KEY: A = Never heard of the term
0 = Forgotten the meaning of the term 
- = Left blank 
X = Misconception
S = Simple explanation (using both primary terms +/- one 
other term)
M = Multiple explanation (using both primary terms + two or 
more other terms)
Table 49 The percentage o f the Possible Improvement of those students 
taught with the Chromosome Model (C.Gp.C.N=19).
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Percentage o f  the P o s s ib le  Improvement (Mean Va lues)
When no exp lanation  
o f  the r e la t io n s h ip  
between g e n e :A l l e l e  
g iv en  (N=9)
When the accepted 
s c i e n t i f i c  
exp lana t ion  o f  the 
r e la t io n s h ip  between 
G e n e :A l le le  g iven  
{ N=10)
A l l  
(N=19)
40 70 56
Table 50 The mean va lues  f o r  the Percentage o f  the  P o s s ib le  
Improvement when the student, fo l lo w in g  the g e n e t ic s  
in s t ru c t io n ,  was ab le  to  g iv e  the accepted  s c i e n t i f i c  
exp lana t ion  f o r  the r e la t io n s h ip  between G e n e :A l le le  and 
when the student was not ab le  to  g iv e  th is  r e la t io n s h ip .  
Plus the  o v e r a l l  mean, r e ga rd le s s  o f  whether the student 
cou ld g iv e  a c o r r e c t  exp lana t ion  o r  not (C.Gp.Q. N=19).
The r e s u lts  shown in  Table 50 a lso  suggest tha t there  i s  a 
g r e a te r  improvement when the student i s  ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lana tion  o f  the r e la t io n s h ip  between 
Gene:A l l e l e .
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6.3 : S i n a a r y  o f  G r o u p  Q  r e s u l t s  ( N = 5 7 )
Student
Group(N)
Primary Terms
Gene
A lle le
Recessive
A lle le
Heterozygous
A lle le
Homozygous
A lle le
Dominant
A lle le
G (13) 54 47 62 62 54
T (9) 44 67 45 45 44
A.1 (8) 62.5 62.5 75 87.5 62.5
A.2 (8) 50 62.5 50 75 62.5
C (19) 58 95 52 42 68
Overall 
Means(57)
54 71 56 58 59
Table 51 The means o f  the percen tage  improvements seen in  
the students taught w ith  the  Chromosome Model w ith  the 
s t a f f  aware o f  t h e i r  m isconceptions f o r  the p a ir s  o f  terms 
where a l l e l e  was one o f  the terms.
The r e s u l ts  shown in  Table 51 in d ic a te  tha t the use o f  the 
Chromosome Model, where the le c tu r e r s  were aware o f  t h e i r  
s tu d en ts ’ m isconceptions, has produced an in c rease  in  the 
percentage improvements compared to  tha t seen p re v io u s ly  
where the le c tu r e r s  were unaware o f  t h e i r  s tu den ts ’ 
m isconceptions (s e e  Tables 14 & 18).
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Student 
Group (N)
Dl D2 D3 D4 U1 U2 U3 U4 Dl-4 Ul-4
G (13) 1 5 2 - 1 - 4 - 8 5
T (9) 1 2 - 1 - 1 4 - 4 5
A.l (8) 2 3 1 - - - 2 - 6 2
A.2 (8) - 2 1 - - 1 4 - 3 5
C (19) 1 9 - - 1 4 4 - 10 9
Totals (57) 5 21 4 1 2 6 18 0 31 26
Table 52 The o v e r a l l  numbers o f  D es irab le  and Undesirab le  
changes f o r  a l l  the students taught using the Chromosome 
Model where the s t a f f  were aware o f  t h e i r  m isconceptions.
This ta b le  shows tha t  th ere  i s  a g r e a te r  number o f  
D es irab le  changes occu rr ing  compared to  U ndes irab le  changes 
(31 compared to  26 ).
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Student 
Group (N)
Percentage of the Possible Improvement (Mean
Values)
When no 
explanation of 
the relationship 
between 
Gene:Allele 
given (N)
When the accepted 
scientific  
explanation of 
the relationship 
between 
Gene:Allele given 
(N)
A ll (N)
G (13) 74 (5) 98 (7) 88 (12)
T (9) 47 (6) 63 (3) 52 (9)
A.1 (8) 58 (2) 100 (6) 89 (8)
A.2 (8) 65 (5) 87 (3) 73 (8)
C (19) 40 (9) 70 (10) 56 (19)
Overall 
Means (56)
54 (27) 84 (29) 69 (56)
Table 53 The mean percen tage  o f  the P o s s ib le  Improvements 
f o r  a l l  the students f o r  a l l  21 p a ir s  o f  terms.
This ta b le  shows tha t th e re  has been a h igh Percentage o f  
the P o s s ib le  Improvements made Pre to  Post the g e n e t ic s  
in s t ru c t io n  e s p e c ia l l y  when the students are ab le  to  g iv e  
the accepted s c i e n t i f i c  exp lana t ion  f o r  the r e la t io n s h ip  
between G e n e :A l le le  (84%).
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6 . 4 :  G R O U P  P  R E S U L T S .
Once aga in  the number o f  students g iv in g  a p a r t i c u la r  type 
o f  exp lan a t ion  i s  looked a t both pre and post the g e n e t ic s  
in s t ru c t io n  to  determ ine what, i f  any, changes have 
occurred in  each o f  the Educational Establishm ents.
EDUCATIONAL ESTABLISHMENT, G. (n=8)
Due to  the small s i z e  o f  th is  group i t  was dec ided to  
simply look  at the changes tha t occur in  the 5 p a ir s  o f  
terras tha t con ta in  a l l e l e  as one o f  the p a i r  (s e e  ta b le  
55) .
These 8 students are a group taken from the 23 students in  
the educa tiona l es tab lishm en t, G (th e  remaining students 
were taught using the Chromosome M odel), The ranking o f  
the terms fo r  ALL 23 students pre t h e i r  g e n e t ic s  
in s t ru c t io n  can be seen on the Educational Establishm ent, 
G A n a lys is  Form at the beg inn ing o f  th is  chapter.
1 8 4
Number
in
Booklet
PRIMARY TERMS Number of Students giving a 
particular type of explanation.(N=8)
NONE SIMPLE+MULTIPLE
PRE(%) P0ST(%) PRE(%) POST(%)
1 Chromosome:Chromatid 7(87.5) 1(12.5) 1(12.5) 7(87.5)
2 Chromosome:Meiosis 5(62.5) 0(0) 3(37.5) 8(100)
3 Gene:Allele 6(75) 7(87.5) 2(25) 1(12.5)
4 Gametes:Zygote 0(0) 1(12.5) 8(100) 7(87.5)
5 Chromosome:Gene 1(12.5) 0(0) 7(87.5) 8(100)
6 Chromosome:Diploid 1(12.5) 0(0) 7(87.5) 8(100)
7 Chromosome:Haplo id 1(12.5) 0(0) 7(87.5) 8(100)
8 Recessive:A lle le 4(50) 4(50) 4(50) 4(50)
9 Hetero:Homozygous 1(12.5) 2(25) 7(87.5) 6(75)
10 Heterozygous:Allele 6(75) 5(62.5) 2(25) 3(37.5)
11 Gametes:Zygote 1(12.5) 0(0) 7(87.5) 8(100)
12 Zygote:Diploid 1(12.5) 0(0) 7(87.5) 8(100)
13 Phenotype:Dominant 2(25) 0(0) 6(75) 8(100)
14 Phenotype:Genotype 2(25) 0(0) 6(75) 8(100)
15 Homozygous:A lle le 7(87.5) 3(37.5) 1(12.5) 5(62.5)
16 Dominant:A lle le 4(50) 2(25) 4(50) 6(75)
17 Recessive:Dominant 2(25) 1(12.5) 6(75) 7(87.5)
18 Gene:Genotype 4(50) 2(25) 4(50) 6(75)
19 Gametes:Me ios i s 4(50) 0(0) 4(50) 8(100)
20 Homozygous:P.Breeding 6(75) 0(0) 2(25) 8(100)
21 Diploid:Haploid 1(12.5) 0(0) 7(87.5) 8(100)
Table 54 The number o f  students g iv in g  a p a r t ic u la r  type 
o f  exp lana t ion  both pre and p os t  t h e i r  g e n e t ic s  in s t ru c t io n  
( n=8) .  EDUCATIONAL ESTABLISHMENT, G. GROUP P. Note : in  
th is  t a b le  Simple and M u lt ip le  c o r r e c t  responses have been 
poo led .
1 8 5
Primary terms
Students unable to  g iv e  an 
exp lan a t ion  o f  the r e la t io n s h ip  
between the p a irs  o f  terms that 
conta in  A l l e l e  (N=8)
PRE 
N (%)
POST 
N (%)
%
Improvement
Gene:A l l e l e 6 (75 ) 7 (8 7 .5 ) -12.5
R e c e s s iv e :A l l e l e 4 (50 ) 4 (50) 0
H eterozygous:A l l e l e 6 (75 ) 5 (6 2 .5 ) 12.5
Homozygous:A l l e l e 7 (8 7 .5 ) 3 (3 7 .5 ) 50
Dominant:A l l e l e 4 (50 ) 2 (25) 25
Tab le  55 The number o f  students who were unable to  g iv e  an 
exp lana tion  o f  the r e la t io n s h ip  between the p a ir s  o f  terms 
tha t  con ta in  ’ a l l e l e *  as one o f  the terms, pre and post 
t h e i r  g e n e t ic s  in s t ru c t io n .
This shows a d e t e r io r a t io n  f o r  G e n e :A l le le ,  and the 
percen tage improvements are  NOT comparable to  those seen in  
the o ther educationa l estab lishm ents where the Chromosome 
Model was used (Group Q r e s u l t s )  see Tab les 27, 32, 37, 42 
Sc 47.
Indeed the r e s u l t  i s n ’ t  even comparable to  the r e s u lts  o f  
the students who used the Chromosome Model in  the SAME 
educationa l estab lishm ent as Table 56 shows.
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PRIMARY TERMS
EDUCATIONAL ESTABLISHMENT, G.
Group P Resu lts  
(n=8 )
Group Q Resu lts  
(N=13)
Gene:A l l e l e -12.5 54
R e c e s s iv e :A l l e l e 0 47
H eterozygous:A l l e l e 12.5 62
Homozygous:A l l e l e 50 62
Dominant: R ecess ive 25 54
Table 56 The Pre to  Post percen tage  improvements f o r  Group 
P students, taught T r a d i t i o n a l l y  (w ithou t the Chromosome 
Model) and Group Q studen ts, taught w ith  the Chromosome 
Model in  Educational Establishment G.
The G e n e :A l le le  m isconceptions.
P r io r  to  t h e i r  g e n e t ic s  in s t ru c t io n  6/8 students were 
unable to  g iv e  an exp lana t ion  o f  the r e la t io n s h ip  between 
the terms g e n e :A l l e l e .  One (GA12) because he could not 
remember the meaning o f  the term a l l e l e  and the o ther  f i v e  
(GA 11,13,14,17 & 18) because they go t a l l e l e  wrong. The 
m isconceptions are shown in  f i g u r e  14.
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STUDENT
CODE
MISCONCEPTION
GA11 ALLELES ARE PARTS OF A GENE
GA13 AN ALLELE IS JUST ANOTHER NAME FOR A GENE
GA14 CHARACTERISTIC/PHENOTYPE EQUALS ALLELE
GA17 A GENE IS MADE UP FROM ALLELES
GA18 GENES ARE MADE UP OF ALLELES
F igu re  14 The m isconceptions h e ld  by the students p r i o r  to  
the g e n e t ic s  in s t ru c t io n .
When the exp lana tions  o f  the r e la t io n s h ip s  between o ther 
p a irs  o f  terms are examined i t  becomes obvious that the 
s tu den t ’ s m isconception  w ith  the r e la t io n s h ip  between 
G e n e :A l le le  i s  lea d in g  to  con fus ion  w ith  o th er  p a irs  o f  
terms. For example, G i l , 13 and 14 a l l  b e l i e v e  tha t 
heterozygous means a gene con ta in in g  two d i f f e r e n t  a l l e l e s  
and G17 and 18 b e l i e v e  tha t  genotype means the a l l e l e s  
p resent in  a gene.
Fo llow in g  t h e i r  g e n e t ic s  in s t ru c t io n  7/8 students were 
unable to  g iv e  an exp lan a t ion  o f  the r e la t io n s h ip  between 
the terms G e n e :A l le le .  Th is was because ALL 7 students go t 
a l l e l e  wrong. The m isconceptions are shown in  f ig u r e  15.
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STUDENT CODE MISCONCEPTION
GA11 AN ALLELE IS PART OF A GENE
GA12 EACH GENE CONTAINS ALLELES
GA13 ALLELES MAKE UP THE GENE
GA14 GENES CONTAIN ALLELES
GA16 GENE IS MADE OF TWO ALLELES
GA17 AN ALLELE IS PART OF A GENE
GA18 GENE CONTAINS TWO ALLELES
F igure 15 The m isconceptions he ld  by the students fo l lo w in g  
the g e n e t ic s  in s t ru c t io n .
When the exp lanations  o f  the r e la t io n s h ip s  between o th er  
p a irs  are examined i t  becomes c le a r  again  that the 
s tu d en t ’ s m isconception  w ith  G e n e :A l le le  i s  lead in g  to  
confusion  w ith  o th er  p a irs  o f  terms. For example, G17 and 
18 bel/ieve tha t heterozygous means th a t  an gene conta ins 
two d i f f e r e n t  a l l e l e s  and G14 b e l ie v e s  tha t an a l l e l e  
conta ins two d i f f e r e n t  genes.
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P R E  T O  P O S T  C H A N G E S
One student (GA12) has gone from not remembering the 
meaning o f  the term a l l e l e  to  the m isconception  tha t genes 
con ta in  a l l e l e s .
F ive  students ( GA11,13,14,17 & 18) have re ta in ed  t h e i r
m isconception  or changed i t  f o r  another one.
One student (GA16) went from being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion  to  the m isconception  tha t 
genes con ta in  a l l e l e s .
GA15 was ab le  to  g iv e  the accepted s c i e n t i f i c  exp lana tion  
both pre and post the g e n e t ic s  in s t ru c t io n .
I t  i s  p o s s ib le  tha t even when a student is  ab le  to  g iv e  
what appears to  be the accepted  s c i e n t i f i c  exp lana tion  o f  
the r e la t io n s h ip  between G e n e :A l le le  there  may s t i l l  be 
con fus ion . I t  i s  necessary  th e r e fo r e  to  lo ok  in  more 
d e t a i l  a t the fo l lo w in g  types o f  Pre to  Post Changes: -
1) Going from never having heard o f  or fo r g o t t e n  the 
meaning o f  the term A l l e l e  to  being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  between 
G e n e :A l le le .  There were no students in  th is  ca tego ry .
2) Going from a m isconception  to  being ab le  to  g iv e  the
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accepted s c i e n t i f i c  exp lan a t ion . There were no students in  
th is  ca tego ry .
3) Being ab le  to  g iv e  the accepted  s c i e n t i f i c  exp lanation  
both pre and post the g e n e t ic s  in s t ru c t io n .  Student GA15.
Student GA15
POST: one a l l e l e  o f  a p a i r  that make up a c e r ta in
c h a r a c t e r i s t i c  is  found on a chromosome. The o ther 
one o f  the p a ir  i s  found on i t s  homologous chromosome.
This student seems to  have adopted the accepted s c i e n t i f i c  
exp lana tion  f o r  the r e la t io n s h ip  between G e n e :A l le le  BUT in  
attem pting to  exp la in  the r e la t io n s h ip  between 
h ete ro zygou s : a l l e l e  she s ta te s  tha t a gene i s  heterozygous 
i f  one a l l e l e  is  dominant and the o ther  i s  r e c e s s iv e .  The 
response o f  th is  student cannot th e r e fo r e  be accepted as 
showing a d e s ira b le  change.
Type o f  Pre to  Post change f o r  G e n e :A l le le
Dl D2 D3 D4 Ul U2 U3 U4 Dl-4 U l-4
- - - -  1 - 5 1 2 0 8
Table 57 The number o f  D es ira b le  and Undes irab le  changes 
th a t  have occurred (G. Gp.P. N=8).
This ta b le  shows tha t ALL the changes have been 
U n d es irab le .
191
The number o f  r e la t io n s h ip s  (ou t  o f  a p o s s ib le  21) g iv en  by 
each student both Pre and Post the g e n e t ic s  in s t ru c t io n  
plus the percentage p o s s ib le  improvement i s  shown in  Table 
58. The percen tage  o f  the P o s s ib le  Improvement i s  then 
compared w ith  whether the student was ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  between 
Gene and A l l e l e  or  not (s e e  Tab le 59).
Student
Number of 
Relationships given
Percentage 
of the 
Possible 
Improvement
Type of explanation for 
the relationship between 
Gene:Allele
PRE POST PRE POST
GA11 13 16 38 NO (X) NO (X)
GA12 4 19 88 NO (0) NO (X)
GA13 14 18 57 NO (X) NO (X)
GA14 9 16 58 NO (X) NO (X)
GA15 18 20 67 YES (S) YES(S)*
GA16 18 20 67 YES (S) NO (X)
GA17 12 15 33 NO (X) NO (X)
GA18 14 16 29 NO (X) NO (X)
* this student was shown to be confused and therefore their post YES 
w ill  be counted as a NO.
KEY: A = Never heard of the term
0 = Forgotten the meaning of the term 
- = Left blank 
X = Misconception
S = Simple explanation (using both primary terms +/- one 
other term)
M = Multiple explanation (using both primary terms + two or 
more other terms)
Table 58 The percen tage  o f  the  P o s s ib le  Improvement o f  
those students taught in  the t r a d i t i o n a l  manner.
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Percentage o f  the P o s s ib le  Improvement (Mean Va lues)
When no exp lana tion  
o f  the r e la t io n s h ip  
between G e n e :A l le le  
g iv en  (N=8)
When the accepted 
s c i e n t i f i c  
exp lana tion  o f  the 
r e la t io n s h ip  between 
G e n e :A l le le  g iven  
( N=0)
A l l  (N=8)
55 - 55
Table 59 The mean va lu es  f o r  the Percentage o f  the  P o s s ib le  
Improvements (G.Gp.P N=8).
As th e re  were no students who could g iv e  the accepted 
s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  between 
G e n e :A l le le  fo l lo w in g  the g e n e t ic s  in s t ru c t io n  a comparison 
between the percen tage  P o s s ib le  Improvement between those 
students tha t could g iv e  the accepted s c i e n t i f i c  
exp lana tion  o f  the r e la t io n s h ip  between G e n e :A l le le  and 
those tha t could not was not p o s s ib le .
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E D U C A T IO N A L  E S T A B L I S H M E N T ,  A .  ( N = 1 7 ) .
The number o f  students g iv in g  a p a r t ic u la r  type o f  
exp lana tion  i s  looked a t  both pre and post the ge n e t ic s  
in s t ru c t io n  to  a s c e r ta in  what, i f  any, changes have 
occurred.
21 students were pre t e s t e d ,  but on ly  17 were a v a i la b le  f o r  
the post t e s t .  The pre responses (N=21) had a lread y  been 
ranked as the data had been g iv en  to  the l e c tu r e r  concerned 
to  a l e r t  them to  t h e i r  students m isconceptions. The 
a n a ly s is  form i s  inc luded  in  Appendix 11.
As in  a l l  the o th er  edu ca tiona l estab lishm ents i t  was 
decided to  concen tra te  on the changes tha t occurred in  the 
p a irs  o f  terms tha t  con ta in  ’ A l l e l e *  as one o f  the p a ir  
( see Table 61) .
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Number
in
Booklet
PRIMARY TERMS Number of Students giving a 
particular type of 
explanation.(N=17)
NONE SIMPLE*]MULTIPLE
PRE(%) POST(%) PRE(%) P0ST(%)
1 Chromosome:Chromatid 16(94) 10(59) 1(6) 7(41)
2 Chromosome:Meiosis 13(76) 8(47) 4(24) 9(53)
3 Gene:Allele 14(82) 10(59) 3(18) 7(41)
4 Gametes:Zygote 5(29) 4(24) 12(71) 13(76)
5 Chromosome:Gene 5(29) 0(0) 12(71) 17(100)
6 Chromosome:Diploid 12(71) 3(18) 5(29) 14(82)
7 Chromosome:Haploid 12(71) 3(18) 5(29) 14(82)
8 Recessive:Allele 10(59) 6(35) 7(41) 11(65)
9 Heterozygous:Homozygous 13(76) 9(53) 4(24) 8(47)
10 Heterozygous:A lle le 17(100) 12(71) 0(0) 5(29)
11 Gametes:Zygote 11(65) 3(18) 6(35) 14(82)
12 Zygote:Diploid 11(65) 3(18) 6(35) 14(82)
13 Phenotype:Dominant 11(65) 4(24) 6(35) 13(76)
14 Phenotype:Genotype 10(59) 6(35) 7(41) 11(65)
15 Homozygous:A lle le 15(88) 11(65) 2(12) 6(35)
16 Dominant:A lle le 11(65) 4(24) 6(35) 13(76)
17 Recessive:Dominant 1(6) 2(12) 16(94) 15(88)
18 Gene:Genotype 11(65) 7(41) 6(35) 10(59)
19 Gametes:Meiosis 13(76) 4(24) 4(24) 13(76)
20 Homozygous:P.Breeding 13(76) 7(41) 4(24) 10(59)
21 Diploid:Haploid 11(65) 3(18) 6(35) 14(82)
Tab le  60 The number o f  students g iv in g  a p a r t ic u la r  type o f  
exp lana tion  both pre and post t h e i r  g e n e t ic s  in s t ru c t io n  
(N=17) .  EDUCATIONAL ESTABLISHMENT, A. GROUP P. Note : in  
th is  t a b le  Simple and M u lt ip le  c o r r e c t  responses are  
poo led .
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Primary terms
Students unable to  g iv e  an 
exp lan a t ion  o f  the r e la t io n s h ip  
between the p a irs  o f  terms that 
con ta in  A l l e l e  (N=17)
PRE
N (%)
POST 
N (%)
% Improvement
Gene:A l l e l e 14 (82 ) 10 (59) 23
R e c e s s iv e :A l l e l e 10 (59 ) 6 (35) 24
H eterozygous:A l l e l e 17 (94 ) 12 (71) 23
Homozygous:A l l e l e 15 (88 ) 11 (65) 23
Dominant:A l l e l e 11 (65 ) 4 (24) 41
Table 61 The number o f  students who were unable to  g iv e  an 
exp lanation  o f  the r e la t io n s h ip  between the p a ir s  o f  terms 
tha t con ta in  ’ A l l e l e *  as one o f  the p a i r ,  p re  and post 
t h e i r  g e n e t ic s  in s t ru c t io n  (N=17).
The ta b le  shows tha t th e re  has been improvements but they 
are not comparable to  those seen in  the o th er  educationa l 
estab lishm ents where the Chromosome Model was used (Group 
Q r e s u l t s ) ,  see Summary Table 51.
Indeed the r e s u l t  i s n ’ t  even comparable to  the r e s u lts  o f  
the students in  the SAME edu ca tiona l estab lishm ent who used 
the Chromosome Model (s e e  Tab le 62 ).
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PRIMARY TERMS
EDUCATIONAL ESTABLISHMENT, A. 
PERCENTAGE IMPROVEMENTS
GROUP P GROUP Q
(N=17) ( N=8) 
GROUP 1
(N=8) 
GROUP 2
Gene:A l l e l e 23 62.5 50
R e c e s s iv e :A l l e l e 24 62.5 62.5
H eterozygous;A l l e l e 23 75 50
Homozygous:A l l e l e 23 87.5 75
Dominant:A l l e l e 41 62.5 62.5
Table 62 The pre to  post percen tage  improvements f o r  the 
Group P studen ts , taught T r a d i t i o n a l l y  (w ithou t the 
Chromosome Model) and the Group Q students, taught w ith  the 
Chromosome Model from the  Educational Establishm ent, A.
The G e n e :A l le le  m isconceptions.
P r i o r  to  t h e i r  g e n e t ic s  in s t ru c t io n  14/17 students were 
unable to  g iv e  an exp lan a t ion  o f  the r e la t io n s h ip  between 
G e n e :A l le le .  Some because they had never heard o f  or had 
fo r g o t t e n  the meaning o f  the term A l l e l e  (8/14 ): 
G14, 22 , 23 , 24, 26 , 28 ,29 & 30, The remaining 6 had the
m isconceptions shown in  f i g u r e  16.
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STUDENT
CODE
MISCONCEPTION
G13 GENE IS THE GENETIC DESCRIPTION OF A GENE
G15 GENES CONTAIN ALLELES
G18 GENE AND ALLELES ARE THE SAME
G19 GENES CONTAIN ALLELES
G25 AN ALLELE IS A CHROMOSOME
G32 GENES CONTAIN ALLELES
Figure  16 The m isconceptions h e ld  by the students p r i o r  to  
the g e n e t ic s  in s t ru c t io n .
When the exp lana tions  o f  the r e la t io n s h ip s  between o ther  
p a irs  are examined i t  becomes obvious tha t  the students 
m isconceptions w ith  the r e la t io n s h ip  between G e n e :A l le le  i s  
lead in g  to  con fus ion  w ith  the r e la t io n s h ip  between terms 
l i k e  H eterozygous:A l l e l e . Students (G12,13,20 & G22)
b e l i e v in g  that . . ’ heterozygous a l l e l e s  con ta in  d i f f e r e n t  
g e n e s . . , ’ (See Educational Establishm ent, A. A n a lys is  Form 
in  Appendix 11).
Fo llow ing  the g e n e t ic s  in s t ru c t io n  there  were s t i l l  10/17 
students unable to  g iv e  an exp lana tion  o f  the r e la t io n s h ip  
between G e n e :A l le le ,  Three students G19, G23 and G24 could 
not remember the meaning o f  the term A l l e l e .  The remaining 
7 had the m isconceptions shown in  f ig u r e  17.
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|_ STUDENT CODE MISCONCEPTION
G12 AN ALLELE IS AN AREA ON A GENE
G14 AN ALLELE IS A PAIR OF GENES
G15 A GENE CONSISTS OF TWO ALLELES
G18 AN ALLELE IS PART OF A GENE
G28 WITHIN THE GENE THERE IS AN ALLELE
G29 ALLELES ARE CONTAINED IN GENES
^  G31 ALLELES ARE CONTAINED ON GENES
F igu re  17 The m isconceptions h e ld  by the students fo l lo w in g  
the g e n e t ic s  in s t ru c t io n .
Again when the exp lana tions  o f  the r e la t io n s h ip s  between 
o th er  p a irs  o f  terms are examined i t  becomes obvious tha t 
the students m isconception  w ith  the r e la t io n s h ip  between 
G e n e :A l le le  i s  le a d in g  to  con fus ion  w ith  the o th er  p a irs  o f  
terms as the fo l lo w in g  examples i l l u s t r a t e .
A he terozygous  a l l e l e  equals  two d i f f e r e n t  genes and 
a homozygous a l l e l e  equals two genes the same (G14).
I f  two a l l e l e s  w i th in  a gene are the same i t  equals  a 
homozygous gene, i f  two a l l e l e s  w i th in  a gene are  
d i f f e r e n t  i t  equa ls  a he terozygous gene (G15 & G18).
An a l l e l e  th a t  i s  homozygous con ta in s  l i k e  genes 
(G28).
1 9 9
The G eno type  i s  w h a t  a l l e l e s  a r e  p r e s e n t  i n  t h e  gene  
(G18 & G15) .
A gene i s  wha t  c a r r i e s  t h e  a l l e l e s  (G 3 1 ) .
P R E  T O  P O S T  C H A N G E S
Three students (G22,26 & 30) have gone from never having 
heard o f  to  f o r g o t t e n  to  being ab le  to  g iv e  the accepted 
s c i e n t i f i c  exp lana tion  o f  the r e la t io n s h ip  between 
Gene:A l l e l e .
Two students (G23 & G24) had never heard o f  o r  could not 
remember the meaning o f  the term a l l e l e  both pre and post 
t h e i r  g e n e t ic s  in s t ru c t io n .
Three students (G14,G28 & G29) have gone from never having 
heard o f  the term a l l e l e  to  the m isconceptions th a t  a l l e l e s  
con ta in  genes(G14) or genes con ta in  a l le le s (G 2 8  & G29).
Student G15 has re ta in ed  the m isconception tha t genes 
con ta in  a l l e l e s ,  w h ile  student G18 has gone from the 
m isconception tha t genes and a l l e l e s  a re  the same to  the 
m isconception  tha t an a l l e l e  i s  pa rt  o f  a gene.
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Student G19 has gone from the m isconception tha t genes 
con ta in  a l l e l e s  to  not being ab le  to  remember the meaning 
o f  a l l e l e .
Three students (G13,25 & 32) have gone from various
m isconceptions to  being ab le  to  g iv e  the accepted 
s c i e n t i f i c  exp lana t ion  o f  the r e la t io n s h ip  between 
Gene:A l l e l e .
Two students (G12 & G31) have gone from being ab le  to  g iv e  
the accepted s c i e n t i f i c  exp lana tion  o f  the r e la t io n s h ip  
between G e n e :A l le le  to  m isconceptions. G12 b e l i e v in g  th a t  
an a l l e l e  i s  an area  on a gene and G31 b e l i e v in g  tha t 
a l l e l e s  a re  conta ined  on genes.
Student G27 was ab le  to  g iv e  the accepted s c i e n t i f i c  
exp lana tion  o f  the r e la t io n s h ip  between G e n e :A l le le  both 
pre and post the g e n e t ic s  in s t ru c t io n .
I t  i s  p o s s ib le  tha t even when a student i s  ab le  to  g iv e  
what appears to  be the accepted s c i e n t i f i c  exp lanation  o f  
the r e la t io n s h ip  between G e n e :A l le le  there  may s t i l l  be 
con fus ion . I t  i s  necessary  th e r e fo r e  to  lo ok  in  more 
d e t a i l  a t  the fo l lo w in g  types o f  Pre to  Post Changes
1) Going from never having heard o f  or  fo r g o t t e n  the 
meaning o f  the term A l l e l e  to  being ab le  to  g iv e  the
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accepted s c i e n t i f i c  exp lana tion  o f  the r e la t io n s h ip  between 
G e n e :A l le le .  Students G22, G26 & G30.
2) Going from a m isconception  to  being ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion . Students G13, G25 & G32.
3) Being ab le  to  g iv e  the accepted s c i e n t i f i c  exp lana t ion  
both pre and post the g e n e t ic s  in s t ru c t io n .  Student G27.
When th is  was done i t  was found tha t students G22, G26 and 
G30 were s t i l l  confused. Th is can be i l l u s t r a t e d  by 
lo ok in g  a t the response o f  student G22 below. The 
responses o f  students G26 & G30 can be found in  Appendix 
10.
Student G22.
POST: An a l l e l e  i s  a p a r t ic u la r  type o f  gene ( th e re  i s  
a gene f o r  eye co lou r ,  the a l l e l e  could be f o r  blue or 
f o r  green eyes.
This student appears to  have adopted the . accepted  
s c i e n t i f i c  exp lana tion  f o r  the r e la t io n s h ip  between 
G e n e :A l le le  BUT in  attem pting to  d escr ib e  the r e la t io n s h ip  
between h e te ro zygou s : a l l e l e  the student s ta te s  tha t a 
heterozygous gene con ta ins  more than one d i f f e r e n t  type o f  
a l l e l e .  The response o f  these students cannot t h e r e fo r  be 
accepted as showing d e s ira b le  changes.
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The remaining student responses were a ccep tab le  ( see 
Appendix 10 ).
Type o f  Pre to  Post change f o r  G e n e :A l le le
Dl D2 D3 D4 Ul U2 U3 U4 Dl-4 U l-4
3 - 1 1 4 2 4 2 5 12
Tab le  63 The number o f  D es ira b le  and U ndes irab le  changes 
th a t  have occurred ( A . Gp.P .N=17 ).
This ta b le  shows tha t the number o f  Undes irab le  changes 
EXCEEDS the number o f  D es ira b le  changes.
The number o f  r e la t io n s h ip s  (ou t o f  a p o s s ib le  21) g iv en  by 
each student both Pre and Post the g e n e t ic s  in s t ru c t io n  
plus the percentage P o s s ib le  Improvement i s  shown in  Table 
64. The percentage o f  the P o s s ib le  Improvement i s  then 
compared w ith  whether the student was ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lana t ion  o f  the r e la t io n s h ip  between 
Gene and A l l e l e  or not (s e e  Tab le 65).
2 0 3
Student
Number of 
Relationships given
Percentage 
of the 
Possible 
Improvement
Type of explanation 
for the relationship 
between Gene:Allele
PRE POST PRE POST
G12 9 19 83 YES (S) NO (X)
G13 7 17 71 NO (X) YES (S)
G14 6 14 53 NO (- ) NO (X)
G15 10 15 45 NO (X) NO (X)
G18 13 11 -15 NO (X) NO (X)
G19 13 18 63 NO (X) NO (- )
G22 9 16 58 NO (0) YES( S)*
G23 5 5 0 NO (- ) NO (- )
G24 8 10 15 NO D NO (- )
G25 2 15 68 NO (X) YES (S)
G26 9 12 25 NO D YES(S)*
G27 4 17 76 YES (S) YES (S)
G28 10 16 55 NO O NO (X)
G29 6 12 40 NO (- ) NO (X)
G30 3 5 11 NO (0) YES(S)*
G31 5 17 75 YES (S) NO (X)
G32 3 18 83 NO (X) YES (S)
* these students were s t i l l  confused and therefore their post YES’ s 
have been counted as NO’ s.
KEY: ~ = Never heard of the term
0 = Forgotten the meaning of the term 
- = Left blank 
X = Misconception
S = Simple explanation (using both primary terms +/- one 
other term)
M = Multiple explanation (using both primary terms + two or 
more other terms)
Table 64 The percen tage  o f  the P o s s ib le  Improvement o f  
those students who were taught in  the T r a d i t io n a l  manner 
(A .Gp.P N=17) .
2 0 4
Percentage o f  the P o s s ib le  Improvement (Mean Va lues)
When no exp lanation  
o f  the r e la t io n s h ip  
between G e n e :A l le le  
g iv en  (N=13)
When the accepted 
s c i e n t i f i c  
exp lana tion  o f  the 
r e la t io n s h ip  between 
G e n e :A l le le  g iven  
( N=4)
A l l  
( N=17)
39 75 47
Tab le  65 The mean va lues  f o r  the Percentage o f  the P o s s ib le  
Improvement when the student, fo l lo w in g  the  g e n e t ic s  
in s t ru c t io n ,  was ab le  to  g iv e  the accepted  s c i e n t i f i c  
exp lana t ion  f o r  the r e la t io n s h ip  between G e n e :A l le le  and 
when the student was not ab le  to  g iv e  t h is  r e la t io n s h ip .  
Plus the o v e r a l l  mean, r e g a rd le s s  o f  whether the  student 
cou ld g iv e  a c o r r e c t  exp lan a t ion  o r  not (A .G p.P . N=17).
These r e s u lts  suggest tha t there  IS a g r e a t e r  improvement 
when the student is  ab le  to  g iv e  the accepted s c i e n t i f i c  
exp lana tion  o f  the r e la t io n s h ip  between G e n e :A l le le .
2 0 5
6.5 : S m s a r y  o f  G r o u p  P  r e s u l t s  ( N = 2 5 )
Student 
Group(N)
Primary Terms
Gene
Alle le
Recessive
A lle le
Heterozygous
A lle le
Homozygous
Alle le
Dominant
A lle le
G (8) -12.5 0 12.5 50 25
A (17) 23 24 23 23 41
Overall 
Means (25)
12 16 20 32 36
Tab le  66 The means o f  the percentage improvements seen in  
the students taught in  the T r a d i t io n a l  manner WITHOUT the 
Chromosome Model w ith  the s t a f f  aware o f  t h e i r  
m isconceptions f o r  the p a ir s  o f  terms where a l l e l e  was one 
o f  the terms.
This ta b le  shows tha t th e re  is  v e ry  l i t t l e  improvement in  
the number o f  students ab le  to  g iv e  an exp lan a t ion  o f  the 
r e la t io n s h ip  between the p a ir s  o f  terms where a l l e l e  i s  one 
o f  the p a ir  and in  fa c t  i t  i s  seen to  be v e ry  s im i la r  to  
the percentage improvement seen when the le c tu r e r s  were 
unaware o f  the students m isconceptions (s e e  Tab le 14).
2 0 6
Student 
Group (N)
Dl D2 D3 D4 Ul U2 U3 U4 Dl-4 Ul-4
G (8) — - - - - 5 1 2 0 8
A (17) 3 - 1 1 4 2 4 2 5 12
Totals
(25)
3 - 1 1 4 7 5 4 5 20
Table 67 The o v e r a l l  numbers o f  D es ira b le  and Undesirab le  
changes f o r  a l l  the students taught in  the T r a d i t io n a l  
manner WITHOUT the Chromosome Model where the s t a f f  were 
aware o f  t h e i r  m isconceptions.
This ta b le  shows tha t th e re  has been a g r e a te r  number o f  
U ndesirab le  changes compared to  D es ira b le  changes (20 
compared to  ju s t  5 ) .
Student 
Group (N)
Percentage of the Possible Improvement (Mean Values)
When no explanation 
of the relationship 
between Gene:Allele 
given (N)
When the accepted 
sc ientif ic  
explanation of the 
relationship between 
Gene:Allele given (N)
A ll (N)
G (8) 55 (8) _ 55 (8)
A (17) 39 (13) 75 (4) 47 (17)
Overall 
Means (25)
45 (21) 75 (4) 50 (25)
Table 68 The mean percen tages  o f  the P o s s ib le  Improvements 
f o r  a l l  the students taught in  the T r a d i t io n a l  manner, 
WITHOUT the Chromosome Model, f o r  a l l  21 p a ir s  o f  terms.
Table 68 i s  v e ry  in t e r e s t in g  because although i t  shows th a t  
the percen tage o f  the P o s s ib le  Improvement has not been
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tha t sp ec tacu la r  (51% N=25 ) i t  i s  in t e r e s t in g  to  note th a t ,  
f o r  the few students (N=4) tha t WERE ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion  fo r  the r e la t io n s h ip  
between G e n e :A l le le  post t h e i r  g e n e t ic s  in s t ru c t io n ,  t h e i r  
percen tage  o f  the P o s s ib le  Improvement was h igh (75% N=4), 
This r e s u l t  i s  comparable to  the improvement seen in  
students taught using the Chromosome Model where s t a f f  were 
aware o f  t h e i r  s tu d en ts ’ m isconceptions (see  Table 53).
The r e s u l t s  o f  th is  Chapter in d ic a te  th ree  major p o in ts .
1 ) The use o f  the Chromosome Model has produced an 
in crease  in  the percen tage improvements f o r  the p a irs  o f  
terms where a l l e l e  was one o f  the terms (s e e  Tab les  51 & 
66 ). This would suggest tha t Hypotheses 1 and 2 can be 
accepted  (see  p l3 3 ) .
2 ) The use o f  the Chromosome Model produced a g r e a te r  
number o f  D es ira b le  changes compared to  Undes irab le  changes 
(see  Tab les 52 & 67). Again th is  would suggest tha t
Hypotheses 1 and 2 can be accepted .
3) Being ab le  to  understand the accepted  s c i e n t i f i c  
exp lana tion  o f  the r e la t io n s h ip  between G e n e :A l le le  
produced an in crease  in  the percentage o f  the P o s s ib le  
Improvement re ga rd le s s  o f  how the student was taught (s e e  
Tables 53 & 68). This would suggest tha t Hypothesis  3 can 
a lso  be accepted  (see  p l3 4 ) .
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These r e s u l ts  suggest then tha t being aware o f  the students 
m isconceptions and ad ju s t in g  the teach ing  s t r a t e g y  to  a l low  
these m isconceptions to  be ch a llenged  has improved student 
perform ance.
In Chapter 7 a l l  the r e s u lts  ob ta ined  during th is  research , 
in  the P i l o t  Study, Study A and Study B are  s t a t i s t i c a l l y  
analysed to  a l low  o b je c t i v e  judgements o f  the f in d in g s  to  
be made, conclus ions drawn and recommendations made.
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C h a p t e r  7 :  C o n c l u s i o n s  a n d  
R e c o m m e n d a t i o n s .
7 . 1 : K e s i m e
Most resea rch ers  seem to  agree th a t  i t  i s  important tha t 
teachers  are made aware o f  student m isconceptions. The 
dilemma was what to  do about them. Should the teachers  
merely ca rry  on and teach the students as they have always 
done or should they change t h e i r  teach ing  s t ra te g y  to  a l low  
them to  d i r e c t l y  ch a llen ge  the m isconceptions tha t had been 
id e n t i f i e d .  This research  s e t  out to  deve lop  a method o f  
d iagnosing student m isconceptions and then to  e s ta b l is h  i f  
i t  was important f o r  the s t a f f  t o  be made aware o f  them 
be fo re  they commenced teach in g . The method o f  teach ing was 
then in v e s t ig a te d  to  i d e n t i f y  i t s  a b i l i t y  to  r e s o lv e  the 
m isconcep tions .
The major pa r t  o f  the research  was in vo lv ed  in  d eve lop ing  
and t e s t in g  a Chromosome Model tha t cou ld be used to  
ch a llen ge  and c o r r e c t  i d e n t i f i e d  student m isconceptions. 
The e f f e c t  o f  using th is  Model was compared to  the 
T r a d i t io n a l  teach ing  methods.
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T h e r e  a r e  f i v e  m a i n  g r o u p s  o f  s t u d e n t s .
The o r i g in a l  25 who were in vo lv ed  in the P i l o t  Studies 
where the s t a f f  who taught them were unaware o f  t h e i r  
m isconceptions and taught them in  the T r a d i t io n a l  manner. 
This group w i l l  be c a l l e d  U .T ra d . l  Plus fou r  o th er  groups 
as o u t l in ed  below.
F igure  18 The groups o f  students in v o lv e d  in  S tudies  A 
and B
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This research  has looked a t  the Pre to  Pos t  Changes tha t 
occur in  student concepts. These changes have been 
considered  from th ree  d i f f e r e n t  angles
1) Looking a t  the number o f  students a b le  t o  g iv e  the 
accepted  s c i e n t i f i c  exp lan a t ion  f o r  the  r e la t io n s h ip  
between the p a ir s  o f  terms where ALLELE i s  one o f  the p a ir .
2) Comparing the number o f  DESIRABLE CHANGES compared to  
the number o f  UNDESIRABLE CHANGES.
3) lo ok in g  a t  the number o f  exp lanations  g iv en  out o f  the 
p o s s ib le  21 and th e r e fo r e  measuring the percen tage  o f  the 
POSSIBLE IMPROVEMENTS ob ta ined .
The r e s u l ts  o f  the d i f f e r e n t  s tu d ies  are  summarised in  the 
fo l lo w in g  ta b le s .  The r e s u l ts  have been s t a t i s t i c a l l y  
analysed using Chi squared and students T t e s t .
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7 . 2 : A n a l y s i s  o f  t h e  R e s u l t s
(a )  The numbers o f  students ab le  to  g iv e  the accepted 
s c i e n t i f i c  exp lana tion  f o r  the r e la t io n s h ip  between the 
p a irs  o f  terms where a l l e l e  i s  one o f  the p a ir .
STUDY
PRIMARY TERMS
Gene
Alle le
Recessive
A lle le
Heterozygous
A lle le
Homozygous
A lle le
Dominant
A lle le
U.Trad.l
(N=25)
12 48 32 40 40
U.Trad.2 
(N=14)
15 29 29 36 43
MEAN U.Trad 
(N=39)
13 41 31 39 41
U.Model 
(N=ll)
27 37 27 36 46
I .Trad 
(N=25)
12 16 20 32 36
I.Model
(N=57) **
54 71 56 58 59
Tab le  69 Percentage o f  students tha t  were ab le  to  g iv e  the 
accepted s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  between 
the p a ir s  o f  terms tha t  con ta in  a l l e l e  f o r  each o f  the 
S tu d ie s .
* *  Chi squared a n a ly s is  o f  the above ta b le  showed tha t the 
students in  the I.M od e l group produced a s i g n i f i c a n t  
in c rease  in  t h e i r  percen tage  improvement (P=0.001) in  being 
ab le  to  g iv e  the accepted  s c i e n t i f i c  exp lan a t ion  o f  the 
r e la t io n s h ip  between the p a ir s  o f  terms where A l l e l e  is  one 
o f  the p a ir
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( b )  A  c o m p a r i s o n  o f  t h e  d e s i r a b l e  a n d  u n d e s i r a b l e  c h a n g e s .
Method of 
Teaching
Lecturers UNIFORMED of 
student misconceptions 
(U.Group)
Lecturers INFORMED of 
student misconceptions 
(I.Group)
Percentage 
Desirable 
Changes (N)
Percentage 
Undesirable 
Changes (N)
Percentage 
Desirable 
Changes (N)
Percentage 
Undesirable 
Changes (N)
Traditional 26% (10) 74% (29) 20% (5) 80% (20)
Model 27% (3) 73% (8) 54% (31)** 47% (26)
Tab le  70 The number o f  D es ira b le  Changes compared to  the 
number o f  U ndes irab le  Changes f o r  each o f  the S tud ies .
* *  Chi squared a n a ly s is  o f  the above t a b le  showed that the 
students in  the I .M ode l group were s i g n i f i c a n t l y  more 
l i k e l y  to  show DESIRABLE conceptual changes (P=0.001) than 
students in  the o th er  groups.
( c )  A comparison o f  the percen tage o f  the P o ss ib le  
Improvements.
The mean va lu es  f o r  the percen tage o f  the POSSIBLE 
IMPROVEMENTS obta ined  f o r  each o f  the S tudies i s  shown in  
Table 71. Th is improvement i s  looked a t when the students 
were unable to  g iv e  the accepted  s c i e n t i f i c  exp lana tion  o f  
the r e la t io n s h ip  between G e n e :A l le le  post t h e i r  g e n e t ic s  
in s t ru c t io n  and when they  were ab le  to  g iv e  th is  
r e la t io n s h ip .  The ta b le  a ls o  shows the o v e r a l l  means 
re ga rd le ss  o f  whether the student could g iv e  a c o r r e c t  
exp lana tion  or not.
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Study
Percentage of the Possible Improvement
Explanation not given 
for the relationship 
between Gene:Allele 
(N)
Accepted scientific  
explanation given 
for the relationship 
between Gene:Allele 
(N)
A ll (N)
Uniformed
Traditional
(39)
40% (32) 55% (7) 42% (39)
Uniformed
Model
(11)
46% (7) 58% (4) 51% (11)
Informed 
Traditional 
(N=25)
45% (21) 75% (4)** 50% (25)
Informed
Model
(Ns56)
54% (27) 84% (29)** 69% (56)—
Table  71 O v e ra l l  mean va lues  f o r  the percen tage  o f  the 
P o s s ib le  Improvement p lus the mean va lu es  ob ta ined  when the 
students cou ld  o r  cou ld  not g iv e  the accepted  s c i e n t i f i c  
exp lana tion  o f  the r e la t io n s h ip  between Gene and A l l e l e .
Students t  t e s t  a n a ly s is  showed the f o l l o w in g : -
The I .M ode l group students were ab le  to  produce 
s i g n i f i c a n t l y  g r e a t e r  percen tages  o f  the  P o s s ib le  
Improvements than the  o th e r  groups o f  students (P=0 .001 ).
* *  Students in  both the I . T r a d i t i o n a l  and I.M od e l groups 
were ab le  to  produce s i g n i f i c a n t l y  g r e a t e r  percen tages  o f  
the P o s s ib le  Improvement when they were ab le  t o  g iv e  the  
accepted s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  between 
G en e rA l le le  (P=0 .001 ).
2 1 5
7 . 3 :  C o n c l u s i o n s .
l e c tu r e r s  to  be aware o f  t h e i r  s tu den ts ’ m isconceptions.
The ta b le s  a lso  show th a t  using the Chromosome Model as a 
ch a llenge  t o o l  was a s i g n i f i c a n t l y  more e f f e c t i v e  way o f  
r e s o lv in g  any m isconceptions than ju s t  ca rry in g  on teach ing 
the students in  the T r a d i t io n a l  way (P=0 .001 ).
In a d d it ion  to  these f in d in g s ,  Table 69 showed tha t where 
the l e c tu r e r s  were aware o f  t h e i r  s tu d en ts ’ m isconceptions, 
and the students were ab le  to  c o r r e c t  t h e i r  m isconception 
regard ing  the r e la t io n s h ip  between G e n e :A l le le  ( r e g a rd le s s  
o f  how they were ta u g h t ) ,  then these students were ab le to  
ach ieve  a s i g n i f i c a n t l y  h igh er  percentage o f  the P o ss ib le  
Improvement compared to  those students who had not been 
ab le  to  c o r r e c t  t h e i r  m isconception  rega rd ing  the 
r e la t io n s h ip  between G e n e :A l le le  (P=0 .001 ).
Students are ab le  to  r e s o lv e  t h e i r  m isconception  regard ing  
the r e la t io n s h ip  between G e n e :A l le le  w ithout the Chromosome 
Model then, as Table 71 showed. However, again  as Table 71 
shows, by using the Chromosome Model students are  ab le to  
produce a s i g n i f i c a n t l y  h igh er  percentage o f  the P o s s ib le  
Improvement than the students who d id  not use the Model 
(P = 0 .0 0 1 ) .
T a b l e s  6 9 ,  70 a n d  71 a l l  s h o w  t h a t  i t  i s  i m p o r t a n t  f o r
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In  conc lus ion  then th is  research  has shown th a t  i t  i s  
important f o r  le c tu r e r s  to  be aware o f  t h e i r  s tu d en ts ’ 
m isconceptions b e fo re  they s t a r t  teach ing them.
This research  has a ls o  shown tha t  having i d e n t i f i e d  student 
m isconceptions i t  i s  important to  change the way the 
students are taught to  ensure tha t the aim o f  conceptual 
change can be ach ieved  in  the maximum number o f  students. 
The Chromosome Model, p lus S t a f f  Development, was an 
e f f e c t i v e  t o o l  tha t cou ld  be used to  ach ieve  t h is  aim.
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7.4: S t a f f  a n d  S t u d e n t  c o n s e n t s .
The Group Q s t a f f  in  Study B were asked to  note  down any 
comments th a t  they had about the Model and a ls o  to  make a 
note o f  the s tu d en t ’ s comments so tha t some id ea  could be 
obta ined as to  the u se fu ln ess  o f  the Model as a classroom 
t o o l .
The fo l lo w in g  are some comments made by the s t a f f  and 
students who used the Chromosome Model tha t h ig h l ig h t  the 
va lue o f  the Chromosome Model as a teach ing  and le a rn in g  
t o o l .
S t a f f  comments: -
" I  f o u n d  t h e  m ode l  v e r y  u s e f u l . I t  was used  i n i t i a l l y  
a t  t h e  d e f i n i t i o n s  s t a g e  t o  c l a r i f y  t h e  f a c t  t h a t  an  
a l l e l e  i s  an a l t e r n a t i v e  f o r m  o f  gene  a t  a s p e c i f i c  
s i t e / l o c u s  on t h e  ch rom osom e, and  a l s o  as  a means o f  
d e m o n s t r a t i n g  t h e  d i f f e r e n c e  b e tw e en  hom ozygous  and  
h e t e r o z y g o u s  c o n d i t i o n s . I t  was us e d  a g a i n  t o  h e l p  
i l l u s t r a t e  d e g r e e s  o f  do m in a n c e  an  m u l t i p l e  a l l e l e s  
a n d  d u r i n g  t h e  d i s c u s s i o n  o f  i n h e r i t e d  d i s e a s e s  u s i n g  
t h e  e x a m p le s  g i v e n . The s t u d e n t s  r e s p o n d e d  w e l l  t o  
i t s  i n t r o d u c t i o n  i n t o  t h e  c l a s s r o o m  s i t u a t i o n  and  
e n j o y e d  u s i n g  i t .
I t  may w e l l  be m o r e / e q u a l l y  a p p r o p r i a t e  a t  t h e  GCSE 
s t a g e , t o  c r e a t e  c l e a r  MENTAL IMAGES f r o m  t h e  s t a r t ,
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c o n d i t i o n s . I  w i l l  t r y  t h i s  o u t  on my p r e s e n t  GCSE 
g r o u p  i n  due  c o u r s e . "
"The Chromosome M ode l  was used  w i t h  b o t h  Y e a rs  11 a nd  
12 .  F o r  Y e a r  11 i t  was u s e d  as  a d e m o n s t r a t i o n .  The
p u p i l s  f o u n d  i t  u s e f u l  and  e n j o y a b l e . I t  was
e s p e c i a l l y  h e l p f u l  i n  m a k in g  c l e a r  how an i n d i v i d u a l  ’ s  
gene  c o m p le m e n t  i s  made up f r o m  a r a n g e  o f  gen es  w h i c h  
a r e  t h e m s e l v e s  v a r i a b l e . I  f e l t  t h a t  t h i s  g r o u p  o f  
s t u d e n t s  b e n e f i t e d  m o s t  f r o m  t h e  M o d e l .  The Y e a r  12  
s t u d e n t s  u s e d  t h e  M o d e l  d u r i n g  t h e  i n i t i a l  p a r t  o f  t h e  
g e n e t i c s  c o u r s e .  I t  r e a l l y  am oun ts  t o  a f l e x i b l e  
v e r s i o n  o f  R o b e r t s  F i g  2 8 . 3  (p542  4 t h  e d .  ) U s e f u l  t o  
i l l u s t r a t e  m u l t i p l e  a l l e l e s .  "
Student Comments:
" I t ’ s  ( t h e  M odel) v e r y  h e l p f u l  and  h e l p s  me t o  c l a r i f y  
d ia g r a m s  a n d  i d e a s  o b t a i n e d  f r o m  t e x t b o o k s  a nd
t e a c h e r s . "
" The Chromosome M ode l  a dd s  some i n t e r e s t i n g  p r a c t i c a l  
a c t i v i t y  i n t o  t h e  m i d d l e  o f  a f a i r  am oun t  o f  t h e o r y .  
We e s p e c i a l l y  e n j o y e d  d e s i g n i n g  t h e  d i f f e r e n t  
i n d i v i d u a l s  w i t h  a l l  t h e  w e i r d  c o n d i t i o n s ! "
o f  g en e s  and the  id e a  o f  dominant and r e c e s s i v e
" I  c o u ld  s o r t  o f  SEE what the  t e a c h e r  m e a n t ! "
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7.5:  R e c o w e n d a t io n s .
I t  was Kant (1781) who maintained th a t :
" , . a l l  o u r  k n o w le d g e  b e g i n s  w i t h  e x p e r i e n c e , ( h o w e v e r ) 
i t  does  n o t  f o l l o w  t h a t  i t  a l l  a r i s e s  o u t  o f  
e x p e r i e n c e "
According to  Kant, two forms o f  knowledge can be 
d is t in gu ish ed  A p o s t e r i o r i  and A p r i o r i  knowledge. The 
former i s  formed through the senses and the l a t t e r  v ia  
deductive  reason ing . Complex ideas are produced as a 
r e s u l t  o f  the mind con s id e r in g  in form ation  prov ided  by the 
senses. I t  was Kant who f i r s t  used the term ’ CONCEPT’ to  
d esc r ib e  such id eas .
Teachers are persuaded to  teach  concepts and are encouraged 
to  p la ce  much le s s  emphasis on fa c t s  and th e o r ie s .  Facts 
are p ie c e s  o f  in fo rm a tion , whose possess ion  does not 
n e c e s s a r i ly  imply tha t they  are  understood. Meaning can 
on ly  be g iven  to  fa c t s  when they are r e la t e d  and fu r th e r  
knowledge c rea ted  o r  syn th es ised . Concepts, on the o ther  
hand, are b u i l t  up from a bas is  o f  fa c tu a l  in fo rm ation  or 
exper ience . A person who has acqu ired  c e r ta in  concepts has 
a genera l n o t ion , has an understanding. To possess 
concepts means tha t knowledge is  meaningful (D ick e r ,  1984).
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In  o rder  to  encourage the teach ing  o f  concepts ra th e r  than 
fa c t s  in  g e n e t ic s  teachers  should be persuaded to  r e a l i s e  
the importance o f  being ab le  to  i d e n t i f y  t h e i r  s tu d en ts ’ 
concepts b e fo re  they  s t a r t  to  teach  them. To th is  end the 
t e s t  b ook le t  could be reduced to  seven p a irs  o f  terms, to  
make i t  e a s ie r  and qu icker to  use.
Th is  research  has shown tha t  i t  i s  necessary to  be ab le  to  
c r o s s - r e fe r e n c e  the fo l lo w in g  to  e s ta b l is h  whether a 
m isconception  e x is t s  w ith  the term ALLELE:
a) G e n e :A l le le ;  b ) R e c e s s iv e :A l l e l e ; 
c )  H eterozygou s:A l l e l e ; d ) Homozygous:A l l e l e ; 
e )  Dominant:A l l e l e ; f )  R e c e s s iv e :Dominant; 
g )  H eterozygou s :Homozygous.
There appears to  be a h ie ra rchy  o f  concepts.
(G o ld s t e in ,1979 & D icker, 1984). I t  seems tha t the
students f i r s t  need to  a p p rec ia te  the r e la t io n s h ip  between 
G e n e :A l le le  so tha t are aware tha t an a l l e l e  i s  m erely  a 
p a r t i c u la r  form o f  a gene. This w i l l  then a l low  them to  
ap p rec ia te  the idea  tha t  a l l e l e s  can be dominant or
re c e s s iv e  and th is  in  turn w i l l  a l low  them to  ap p rec ia te  
the heterozygous and homozygous con d it ion s .
In o th er  words, as was s ta ted  a t the end o f  Chapter 3, i t  
would seem tha t i f  the m isconception  o f  the r e la t io n s h ip  
between G e n e :A l le le  cou ld be re so lv ed ,  then the o ther
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misconceptions would, in  e f f e c t ,  d isappear. Table 71 shows 
tha t t h is  i s  indeed the case. When le c tu re s  are informed 
o f  t h e i r  s tu d en ts ’ m isconceptions and the students are ab le  
to  c o r r e c t  t h e i r  m isconception  about the r e la t io n s h ip  
between G e n e :A l le le  then the students ach ieved a 
s i g n i f i c a n t l y  h igher percen tage  (P=0.001) o f  the P o s s ib le  
Improvement than those students tha t cou ld not r e s o lv e  
th e i r  m isconception  about the r e la t io n s h ip  between 
G e n e :A l le le .
The most e f f e c t i v e  way, i d e n t i f i e d  by th is  research , to  
br ing  about DESIRABLE conceptual change, tha t i s  to  
encourage the student to  go from a m isconception about the 
r e la t io n s h ip  between G e n e :A l le le  to  the accepted s c i e n t i f i c  
exp lana tion  o f  the r e la t io n s h ip  between them, i s  to  use a 
Chromosome Model (s e e  t a b le  70 ).
Chromosome Models and Worksheets have been l e f t  w ith  each 
o f  the Educational Establishm ents that took part  in  th is  
research . The s t a f f  a l l  s ta ted  tha t they  would be using 
the Chromosome Model w ith  fu tu re  groups o f  students and 
would encourage any new s t a f f  to  do the same, s in ce  they 
b e l ie v e d  tha t by using the Model students had been helped 
in  overcoming t h e i r  m isconceptions. Two o f  the s t a f f  (one 
from Educational Establishment G and one from A) f e l t  tha t 
the Chromosome Model would be most u se fu l a t  the GCSE l e v e l  
so tha t the students cou ld avo id  d eve lop ing  the 
m isconception about the r e la t io n s h ip  between Gene and
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A l le le  in the f i r s t  p lace. By using the Model at th is  
le ve l teachers could a lso  help the students see the 
inconsistencies in the textbooks so that the ambiguity 
would be le ss  l ik e ly  to lead to the student adopting 
misconceptions. One member of s t a f f  (from Educational 
Establishment G) f e l t  that the worksheets were a l i t t l e  too 
s im p list ic  fo r  h is students as they did not stretch them 
enough. As i t  is  almost impossible to devise a set of  
worksheets to su it  a l l  le v e ls  there are two possib le  
solutions to th is  problem:-
1) Design several sets of worksheets that are set at 
d if fe ren t  le v e ls  of complexity.
2) Provide the o r ig in a l  set of worksheets as a start ing  
point/example and leave i t  to the individual teachers to 
devise the ir  own sheets fo r  the ir  own students.
When asked which a lte rnative  would be p re ferab le  the s t a f f  
opted fo r  so lution (2 ) .
Since the Chromosome Model was the strategy iden tif ied  by 
this research that improved student performance in Genetics 
i t  would be an advantage to make the Chromosome Model and 
video widely ava ilab le  to teachers, perhaps through Teacher 
Centres. I t  would a lso  be important to make the Test 
Booklet, or at lea st  the modified shorter version of i t ,  
ava ilab le  to give teachers the opportunity to iden tify
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the ir  students’ concepts p r io r  to sta rt ing  any further  
instruction  in genetics. With this material ava ilab le  
teachers would be able to undergo the necessary S ta f f  
development in the use of the Chromosome Model.
This research has shown how such a simple tool can produce 
a s ign if ic an t  improvement in student performance and since  
i t s  use is  straightforward both teachers and students were 
confident in the ir  a b i l i t y  to use i t .  Indeed, as the s t a f f  
and student comments show, they enjoyed using i t .
The Chromosome Model is  not a complicated tool and s im ilar  
ones could be made out of cardboard, fo r  example, by the 
students themselves. At GCSE leve l i t  would seem l ik e ly  
that the process of making the pa ir  of homologous 
chromosomes and the a l l e l e s  would go further in helping the 
students understand the concept o f a l l e l e  and thus avoid 
them developing the misconceptions that have been 
id en t i f ied  by th is  research.
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A p p e n d i x  1 .
The C irc le  of 16 genetics Terras.
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A p p e n d i x  2 .
Exercise to Investigate  
the Relationships that Students believed  
existed between the 16 genetics terms contained 
in the C irc le  o f Terms.
<ser/v/er ~r x  c s  t e r m s
" G e n e t i  c s  h a t s  t h e  r e p u t a t i o n  o f  
t o e  x  n g  a i  d i f f i c u l t  s u b  j  e c  t  a n d  m a m y  
s t u d e n t s  d e p r i v e  t h e m s e l v e s  o * f  t h e  
f u n  o - f  u n d e r s t a n d i n g  g e n e  t i c s
b e c a u s e  t h e y  w r o n g l y  a s s u m e  t h a t  
t h e  s u b  j  e c  t  i s  t o o  c o m p l  i c a t e d  - f o r *  
t h e m "  <  S  . S i n g e r  ,  1  9 S S )  .
X h e  r e s e a r c h  w h i c h  I  a t m  c a r r y i n g
o u t  i s  a m  s . t t e m p t  t o  - f  i  r i d  o u t  w h y  
s o m e  s t u d e n t s  a s s u m e  t h a t  t h e
s u b  j  e c  t  i s  t o o  c o m p l i c a t e d  - f o r *  t h e m  
a t n c J  s t a r t s  w i t h  a t  l o o k  a t  a t  - f e w  o - f  
t h e  t e r m s  u s e d ,
Y o u r  i n v o l v e m e n t  a n d  h e l p  m a y
e v e n t u a l l y ,  I  h o p e ,  1  e a i c d  t o  a t  t > e  t  t e  r  
u n d e r s t a n d i n g  b y  t e a c h e r s  o - f  t h e  
w o r r  i e s  t  h a i t  s t u d e n t s  h a v e ,  a n d  t h u s  
i m p r o v e  - b i n s  w a y  i n  w h i c h  t h e  s u b j e c t  
i s  d e a l t  w i t h  t o y  t h e  t e a c h e r s  a n d  
t h e i r -  s t u d e n t s  .
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B e l o w  t h e r e  i s  a  d i a g r a m  c o n t a i n i n g
s e v e r *  a i l  e v e r y d a y  - t - e t ' m s  - f c . o  d o  w i  t h  
- t - h e  w e a t h e r  ,  T h e s e  t e r m s  h a v e  b e e n
j o i n e d  b y  l i n e s  w h e r * e  v e r *  I  h a v e  s e e n  
s o m e  r e l a t i o n s h i p  b e t w e e n  t h e m .
B e l o w  t h e  d i a g r a m  t h e  r  e  i s  a  t a b l e
w h i c h  e x p l a i n s  t h e  n a t u r e  o  - f  t h e  
r e l a t i o n s h i p s  ,  P l e a s e  h a v e  s i
c a r e f u l  1  o o k  a t  t h e  d i a g r a m s  a n d  
e x p l a n a t i o n s  b e f o r e  y o u  c a r r y  o n .
L .  i  g g t - i  1 1 “ »  i  n g
L i n e  
N u m b s r
- r f e r f n s
r e l a t e d
N a t u r s  o f  r e l a t i o n s h i p  
b e t w e e n  t h s  t w o  t s r m s .
1 d o  u r i c l o u d s  c o n t a i n  w a t e r  
v a p o u r  w h i c h  p r o d u c e s  r a
r a i n
9
T K o N i t r
s t o r m
t h u n d e r  o c c u r s  d u r i n g  
s t o r m s
3 U g K t w * ?
s t o n n
l i g h t n i n g  o c c u r s  d u r i n g  
s t o r m s
4
U c j k W r
t h u n d e r  f o l l o w s  
1 i g h t n i n g
5  , O ^ i / v d
c t o a d
w i n d  m o v e s  c l o u d s
6
c W d
S v t f v .
c l o u d s  o b s c u r e  t h e  
s u n
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m a k e  u p  t - h e  c  i  r ~  c  1  e  o n  s J b u S J S . - f c  ‘  &  '  -
N o w  l o o k :  a t  t h e  g e n e t i c s  t e r m s  w h i c h
O - 3 1  i n  v 0 1 - 1  s e e *  a n y  p a i r  o - f  t e r m s  w h i c h
a r e  r e l a t e d  " t o  e a c h  o t h e r ?  I - f  - s o ,
j o i n  t h e m  w i t h  a  l i n e -  a n d  n u m b e r  t h e
l i n e .  O n  g h e e  -fc. *  E ?  * .  p  1  e a s e  i n d i c a t e  
t h e  n a t u r e  o  f  t h e  r e l a t i o n s h i p  
b e t w e e n  t h e  - t w o  t e r m s  .
D o  t h i s  w i t h  a t  1  1  o f  , t h e  t e r m s  u n t i  1
y o u  a r e  h a p p y  t h a t  y o u  h a v e  f o u n d
s i l l  o - f  - t h e  p o s s i b l e  r  e  1  s i  t -  i  o n s h  i  p s  
t h a t  y o u  a r e  a w a r e  o - f  ,  V o u  m a y
t h i n k :  t h a t  s o m e  t e r  m s  a r e  r e l a t e d  t - o
s e v - e r ' e . l  o - t h e m s  (  l i k e  1 c l o u d 1 i s  i n  
- t h e  e x a m p l e )  .
Thank you very much for your help.
Michelle Pashley. 
October, 1987,
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S l i e e  -fc '  J B  ' Your Same.
Date  ____________________
Bote: Do not worry if there seems to be more lines to fill in on this
sheet than you need. Equally, if you feel there is not enough room please 
ash for another sheet.
Line Number Terms related Nature of the Relationship between the terms
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Appendix  3.
A Simple Genetics Problem 
fo r  Students to solve  
while thinking aloud.
Instruction sheet, for LA L i t t le  Genetics Problem•
Please read the next sheet called 'A L itt le  Genetics 
Problem' . Vhen you have studied the problem and are ready
to try to answer the questions please let me know.
I w ill then switch the tape recorder on.
I would like you to 'think aloud* as you are answering the
ouestions so that I can see how you are thinking about the
problems. However, I w ill not interrupt or correct any 
errors that you might make.
Obviously i f  you get completely stuck ask me for help -  it  
w ill be given, honest! The exercise is  not a test. I have 
designed it to find out any d ifficu lt ie s  students may have 
with solving genetics problems. From this work I hope to 
make teachers aware of any d ifficu lt ie s  that students have 
and attempt to overcome them.
- 1
J z J L j & l G e n e . t  X   P x ~ o b l  e m  *
While munching marrows in 
Mr MacGregor's allotment a
pure-breeding, white haired female 
rabbit called Chloe met a 
pure-breeding black haired male 
rabbit called Max ......
 they liked each other!
Soon Chloe and Max had six black 
haired baby rabbits (three girls 
and three boys - lucky!).
One of the male baby rabbits, Tony, 
took a fancy to-one of his sisters, 
Mary (tut -  tut!).
Soon they too had many baby rabbits 
of their own .... (surprise)..
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T h e  Q u e s t  ±  o n s
1) What are the genotypes of Max and Chloe? Explain how you arrive 
at your answer.
2) What are the genotypes of Tony and Mary?
3) What ratio of black to white rabbits would you expect Tony and 
Mary to have? Again explain clearly how you arrive.at your answer.
4) Present a summary of your answers (using the template provided) 
showing:
(a) genotypes
(b) phenotypes
(c) gametes
(d) Ft and Fa ratios.
Many thanks 
M. A. P.
2 3 6
j r  <== m p  j.  s i  -fc <s iE 'c d x -  q u e g t i ,  a.X2---
Chloe X Max
phenotypes 
genotypes 
gametes 
Ft genotype 
phenotype
Tony X Mary
phenotypes
genotypes
gametes
Fa genotypes
phenotypes
Fa phenotype 
ratio
Your Maine________________
Date ________________
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Appendix  4.
Test Booklet.
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Appendix  5.
Instruction  sheet fo r  Students 
using the Test Booklet.
E X P L A I 1 T I 1 T G  G E 1 T E T I C S  T E R M S
Please read these instructions fully before you begin to fill in the 
booklet.
Chromosome Recessive 
Meiosis . Heterozygous
genotype . gmz
ALUU Chromatid
Hao la id gametes
Pomimnt Zygote
pijpLaid . Phenocupe
Pure Sreeainn HomozsiaouS/ Js
This circle of 16 genetics terms has already been presented to 55 people. 
They were asked to join, with a line, pairs of terns which they believed to 
be related and then to explain the relationship between each pair of terns.
The booklet contains 21 of these connections. I would like you to examine 
them and provide as complete an explanation of each relationship as 
possible.
However, you may not necessarily be familiar with all of the terms in the 
booklet. Sometimes you may be unable to give an explanation of the 
relationship between a particular pair of terms because, perhaps, you have 
never come across one of the pair. In that case please describe the term 
that you have come across as fully as you can and simply state that you 
have not came across the other term.
P  T O
-  1 -•
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Take for example the fallowing twa pairs ox non-genetical terms:
Pair 1 lymphocyte : antibody
Pair 2 antibody : heliopes
Explanations of their relationships could read something like this:
lymphocyte : antibody »
"A lymphocyte is a type of leucocyte (white blood cell) that 
synthesizes and releases antibodies. These antibodies are able to bind 
particular- regions of antigen and thus lead to the destruction of the 
antigen."
antibody : heliopes
"Antibodies are synthesized by a type of leucocyte called lymphocytes. 
These antibodies are able to bind particular regions of antigen and 
thus lead to the destruction of the antigen. Cl have never come across 
the term heiiopes.J"
[Heliopes is an iaaqinary lersU
Thank you for your considerable efforts in undertaking this task.
Kicheile Pashley
Appendix  6.
Chromosome Model, Explanatory Sheets 
and Worksheets.
CHROMOSOME MODEL Appendix 6
The model represents small corresponding segments from a homologous 
pair of autosomal chromosomes. Five gene loci (gene positions) occur 
in the segments. The characteristics were chosen to illu strate  
different points and because they are fam iliar in textbooks. IN 
PRACTICE THEY DO NOT OCCUR ON THE SAME PAIR OF CHROMOSOMES.
C y s t ic  F ib r o s is  Locus 
One of just two a l l e l e s  can occur at th is locus.
C  = a dominant a l l e l e  responsible fo r producing a normal 
glycoprotein.
c = a r e c e s s iv e  a l l e l e  which in homozygous recessive people (cc) 
leads to the production of an abnormal glycoprotein that results in the 
formation of a very viscous mucus in affected people.
(Among Caucasians in the USA the disease affects 1 in 2000 children. 
1 in 20 people are c a r r i e r s  o f the defective "c" a lle le , 1e: Cc )
ABO B lood  Group Locus 
One of th re e  a l l e l e s  can occur at this gene locus.
IA = a lle le  responsible fo r the synthesis of a mucopolysaccharide on 
the red cell membrane called A n tigen  A.
IB = a lle le  responsible fo r the synthesis of a mucopolysaccharide on 
the red cell membrane called A n tigen  B.
ALLELES IA AND IB ARE CODOMINANT. IF BOTH ALLELES ARE PRESENT THE 
RED CELLS WILL HAVE BOTH ANTIGENS A AND B.
io = a lle le  recessive to both IA and IB and UNABLE to produce either 
of the red cell antigens.
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H = a dominant a l l e l e  responsible for causing the disease 
Huntingtons’s Chorea. The symptoms appear on average at around 40-45 
years of age, and are characterised by involuntary jerking of the body, 
progressive degeneration of the nervous system and gradual physical and 
mental deterioration.
H u n t in g t o n ’ s  C h o re a  L o cu s  Appendix 6
One o f  ju s t  tw o  a l l e l e s  can occur a t th is  locus.
h = a r e c e s s iv e  a l l e l e .  Most people are homozygous recessive and 
do not have the disease.
WHICH OF THE TWO ALLELES, "H" or "h", IS MOST COMMON IN THE POPULATION?
P h en y lk e ton u ria  (PKU)
One of two a l l e l e s  can occupy this gene locus.
P s a dominant a l l e l e  responsible for the synthesis o f the enzyme 
phenylalanine hydroxylase which converts phenylalanine to tyrosine.
p = a r e c e s s iv e  a l l e l e  which results in the synthesis o f a 
defective enzyme which is  unable to convert phenylalanine to tyrosine. 
As a result excess phenylalanine accumulates in the blood of homozygous 
recessives and severe mental and physical retardation occurs. This 
inherited disease is  called Phenylketonuria (PKU). Nowadays it  can be 
detected by routine blood samples at birth and its  effects minimised by 
a diet containing just enough phenylalanine.
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HbA = a lle le  responsible for producing normal "adult" haemoglobin. 
Haemoglobin-A.
HbS = a lle le  resulting in the production of abnormal haemoglobin. 
Haemoglobin-S.
1) People who are homozygous HbA.HbA. have normal haemoglobin-A and 
normal blood.
2) People who are homozygous HbS.HbS. have the abnormal haemoglobin-S. 
Their red ce lls  become distorted into sickle-shapes instead of the 
normal biconcave discs. These ce lls  can impede cap illary  blood flow 
and cannot perform their function of oxygen transport. Patients have 
S ic k le  C e ll  Anaemia, su ffer severe breathlessness and often die 
young.
3) Heterozygotes, HbA.HbS, because the a lle le s  are codominant, produce 
a mixture of red ce lls . Some contain normal haemoglob1n-A while others 
contain abnormal haemoglobin-S. This condition is called S ic k le  C e ll  
T r a it .  Some of the red ce lls  can become sickle-shaped in low oxygen 
tensions and people with th is t ra it  su ffer milder breathlessness during 
exercise.
S i c k l e  C e l l  L o cu s  Appendix 6
One o f  tw o  c o d o m in a n t  a l l e l e s  can occur a t th is  gene locus.
HbA.HbA. = Normal. No anaemia, only haemoglobin-A. Normal red 
ce lls .
HbS.HbS. = Sickle Cell Anaemia, only haemoglobin-S. Severe 
anaemia. Often die young.
HbA.HbS. = Sickle Cell Trait, mixture of haemoglobin-A and 
haemoglobin-S. Sickling occurs at low oxygen tensions.
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W O R K S H E E T S  t o  a c c o m p a n y  t h e  
C H R O M O SO M E M O D E L .
1) Look at the Chromosome Model and read through the 
descriptions o f the f iv e  gene lo c i  that i t  is  representing. 
I f  you are unsure of anything then ju st  ask the member of  
s t a f f  who w i l l  attempt to c la r i f y  the position  fo r  you.
2) The idea now is  to invent some people. Put a l l  the 
’ blue a l le le s *  upside down next to the ’paternal 
chromosome* and a l l  the ’pink a l l e l e s ’ next to the 
* maternal chromosome’ .
a ) Now simply pick a l l e l e s  and f i t  them into the 
appropriate gene lo c i .
b) For each gene locus give the genotype and 
phenotype in the tab le  provided. Under phenotype use 
the term ’ ca rr ie r*  fo r  a person who does not have a 
disease but ca rr ie s  the a l l e l e  fo r  i t .
c) Repeat th is  so that you have invented three  
peop le .
A p p e n d i x  6
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3) Look at the tab les of the genotypes and phenotypes of
the three people that you have invented and consider the
fo llow ing questions about them.
a) Is  every person d iffe ren t?
b) Do you think that there might be many other 
variations poss ib le  from these f iv e  sets of a l le le s?
c) Did they turn out to be a genet ica lly  unfortunate  
bunch, c a rr ie rs  fo r  some diseases and su ffe r ing  from 
others? Why do you think that these diseases do not 
occur so frequently in the general population?
4) Now f i t  a l l e l e s  into the chromosomes to produce an 
ind iv idual who does not su f fe r  from any of the diseases  
described but is  a c a r r ie r  fo r  PKU. There are several  
correct ways to do th is .  Write a genetic description  of  
the person using the symbols fo r  the various a l l e l e s  in the 
chromosome map provided,
a) What is  the blood group of th is  person that you 
have invented?
b) In your arrangement, from which parent did the 
person that you invented inherit  the PKU a l le le ?
c) What is  the chance that the person w i l l  pass on 
the defective  a l l e l e  to his or her f i r s t  child?
d) Under what circumstances would the ch ild  su f fe r  
from PKU?
Appendix  6
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5) A lte r  the arrangement so that you now have a person 
that su ffe rs  from Huntington’ s Chorea.
A 20 year old man find  out that h is 40 year old father is  
showing signs of the disease.
a) What are the chances that the 20 year old w i l l  
also develop the disease?
6) Now rearrange the a l l e l e s  so that you have produced a 
person that has blood group O, su ffe rs  from PKU, has cystic  
f ib r o s i s  but has liv ed  to the age of 65 without exh ibiting  
any signs of Huntington’ s Chorea.
a) Put you arrangement into the chromosome map 
provided as before.
b) How many other ways could you have arranged the 
various a l l e l e s  to produce th is  unfortunate 
individual?
7) Now that you have used the model would you please think 
about and write down the re lationsh ip  between the terms 
Gene:A l le le .
A p p e n d i x  6
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Genotype: Phenotype Table
LOCUS GENOTYPE PHENOTYPE
Person 1:
cystic  f ib r o s is  
ABO blood groups 
j Huntington' s Chorea
PKU
Sickle Ce ll
Person 2:
cystic  f ib ro s is  
ABO blood groups 
Huntington' s Chorea 
PKU
sick le  c e l l
Person 3:
cystic  f ib ro s is  
ABO blood group 
Huntington1s Chorea 
PKU
sick le  c e l l
NAME:
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Chromosome Maps
Map for part (4):
i
Maternal
•’ Paternal
Map for part (6):
Maternal
Paternal
NAME:
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Point (7 ) could in the l ig h t  o f the finding of the 
research, in future, be replaced as below :-
7) Now that you have used the Chromosome Model discuss  
with your fe llow  students and teacher/lecturer your 
understanding of the re lationsh ips  that ex is t  between pa irs  
of terms l ik e ,  heterozygous: a l l e l e ; homozygous: a l l e l e ; 
dom inant: a l l e l e ; r e c e s s i v e : a l l e l e ;  g e n e i a l l e l e ;  
heterozygous:hom ozygous ; r e c e s s i v e : dominant and 
genotype:phenotype.
Appendix  6
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Append ix  7.
Transcript o f the 
S ta f f  Development Video.
Appendix 7
T H E  V I D E O :  A  T R A N S C R I P T .
U s e  o f  t h e  C h r o m o s o m e  M o d e l
I n t r o d u c t o r y  S t a t e m e n t : -
The Model can be used to try  and correct misconceptions 
that have been id en ti f ied  using the Test Booklets.
The fo llow ing extracts are taken from a recording made at 
Guildford College o f Technology and show the problems that 
some students have with the terms Gene and A l le le .
These extracts are ju st  to give you an idea o f how the 
Model can be used. I t  in no way intends to set down s t r ic t  
guide l in e s .  I t  is  by de fin it ion , meant to be a f le x ib le  
tool that can be adapted to deal with d i f fe re n t  students 
and to be FUN!
Your comments on how you used the Model and the reactions  
of the students with any suggestions for  modifications or 
improvements would be highly valued. Thank You.
259
V i d e o  E x t r a c t s : -
The f i r s t  extract shows the response of two students to the 
f in a l  question on the sheet: -
"Now th a t  you have used th e  Model would you p le a s e  
e x p la in  f u l l y ,  th e  r e l a t i o n s h i p  between Gene and 
A l l e l e .  "
E X T R A C T  1 : S E  &  L H .
(see Chapter 4 fo r  text o f th is  extract)
P rior to the genetics instruction  Sarah was unable to give  
an explanation o f the re lationsh ip  between Gene and A l le le .  
Following the genetics instruction  she believed the Genes 
contained A l le le s .
Liza, on the other hand, went from not being able to 
remember the re la tionsh ip  between the terms to being able  
to give an acceptable s c ie n t i f ic  explanation of the ir  
re la t io n sh ip »
During the ir  use of the Model the interviewer challenged  
Sarah’ s concept that Genes contained A l le le s .  Sarah, by- 
using the Model and interacting with Liza, saw that her 
concept was incorrect and was able to understand why.
2 6 0
The second extract shows the response of a d i f fe re n t  
student: -
E X T R A C T  2 :  C M .
(see Chapter 4 fo r  the text of th is  extract)
P rio r  to her genetics instruction  C la ire  believed that 
Genes contained A l le le s .  Following the genetics
instruction  she was able to give the acceptable s c ie n t i f ic  
explanation of Gene and A l le le  BUT is  ac tua lly  s t i l l  
confused about the meaning of these two terms.
This is  i l lu s t ra te d  when she t r ied  to explain  the meaning 
of the term Genotype where she stated that, " Genotype 
equals types of a l l e l e s  PRESENT in a gene."
When the interviewer challenged C la ire  with th is  point o f  
confusion i t  highlighted to C la ire  that there was co n f l ic t  
between her concept and the accepted s c ie n t i f ic  
explanation.
She was natura lly  unhappy with th is  c o n f l ic t  but was 
eventually, with the help o f the Model, able to change her 
concept to the accepted s c ie n t i f ic  one.
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When the recording ended C la ire  stated that i t  was much 
eas ie r  to v isu a l is e  a l l e l e s  and genes with the Model. She 
a lso stated that during lessons the terms Chromosome, gene 
and A l le le  sort of ’ crop up’ and i t  was d i f f i c u l t  to see 
how they a l l  f i t t e d  together.
The f in a l  extract again shows the response of two students 
to the f in a l  question. These two students state during the 
recording how they found the Model usefu l fo r  v isu a l is in g  
Gene and A l le le ,  a point that was made by C la ire  fo llow ing  
the previous extract.
E X T R A C T  3 :  C L  &  M S .
(see Chapter 4 fo r  the text of th is  extract)
P rio r  to the genetics instruction  Chris was unable to 
remember the meaning of the term A l le le .  Following the 
genetics instruction, although he was able  to give the 
accepted s c ie n t i f ic  explanation of Gene and A l le le  he was 
s t i l l  confused about the meaning of these two terms.
This is  i l lu s t ra te d  when Chris t r ied  to explain  the 
re lationsh ip  between recessive  and dominant. He stated  
that, " . .tw o  forms of genes, dominant and recessive , make 
an a l l e l e ."
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Matthew, on the other hand, went from being able  to give  
the accepted s c ie n t i f ic  explanation to the concept that 
Genes contained A l le le s .  This would seem to imply that 
Matthew had o r ig in a l ly  ju st  memorised the explanation of  
the re la tionsh ip  between gene and a l l e l e  and did not r e a l ly  
understand the meaning o f the terms.
Both students, when challenged by the interviewer saw that 
there was co n f l ic t  between th e ir  concepts and the accepted 
s c ie n t i f ic  explanation.
They dea lt  with th is  co n f l ic t  in a cheerful way and were 
able, with the use of the Model, to change th e ir  concepts 
to the accepted s c ie n t i f ic  one.
C o n c l u d i n g  R e m a r k s
These extracts have shown how the Chromosome Model helped 
the students SEE that there was co n f l ic t  between the ir  
concept of GENE and ALLELE and the accepted s c ie n t i f ic  
explanation. they were then able to use the Model to 
change the ir  concept to the accepted s c ie n t i f ic  one.
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Appendix  8.
The Gene:A llele  
Pre and Post responses 
of the students taught in the 
Trad it ional Manner.
Appendix  8
Students who appear to have adopted the accepted s c i e t i f i c  
explanation fo r  the re la tionsh ip  between Gene:A llele  (LH, 
RW, SF, CM, MW)
STUDENT LH:
PRE: Gene i s  part o f DNA, in i t s e l f  i t  is  conformed by- 
two p a r a l le l  strands o f nucleotides/sugars and 
phosphates as backbone. These nucleotides, when put 
into a sp ec if ic  order (w ith a beginning and an end) 
make a gene. A l le le ,  I cannot remember th is  term.
POST: Gene portion of a chromosome which codes fo r  a 
pa rt icu la r  polypeptide. A l le le  the a lte rnative  forms 
of the gene, situated at the same p o s it io n ( lo cu s ) on 
two homologous chromatids,
PRE TO POST CHANGE
The student was able to explain the re la tionsh ip  between 
other pa irs  o f terms well and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene:A lle le .
STUDENT RW:
PRE: Gene & A l le le ,  Left Blank,
POST: A Gene is  a s ingle  chromosome which determines 
a character ist ic  found in a part o f a strand o f DNA. 
An A l le le  is  a type of gene.
PRE TO POST CHANGE
RW has developed the idea that a Gene = a s ingle  
Chromosome. So her explanation that " . .a n  A l le le  is  a type 
of Gene.." although on the face of i t  would be accepted as 
correct ac tua lly  means to her that an A l le le  is  a d i f fe ren t  
chromosome!
This confusion is  apparent when RW attempts to explain the 
re lationsh ip  between Homozygous:Allele where she states  
that " . .a n  A l le le  is  a type of Gene. I f  there are two of 
these Genes together on a chromosome then the ind ividual  
would be homozygous fo r  those A l l e l e s , ."
THIS IMPLIES THAT WHEN CHROMOSOME = TWO GENES IT = AN 
ALLELE.
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STUD ENT S F :
PRE: Genes are formed by the chromosomes and are
passed on from parent to ch ild  to give the inherited  
s im ila r i t ie s  l ik e  eye colour. A l le le  l e f t  blank.
POST: gene l e f t  blank. An a l l e l e  is  an a lte rnative
type of gene.
PRE TO POST CHANGE
SF was unable to give a c le a r  description  of the term Gene 
and so her explanation of the term A l le le  is  somewhat 
meaningless. SF does go onto give a reasonable explanation  
of the re lationsh ip  between Heterozygous and Homozygous by 
using the term A l le le  in the correct context, but there is  
no rea l evidence that SF understands the term A l le le .
STUDENT CM:
PRE: The Gene contains two A l le le s .
POST: Gene is  the part o f a chromosome which codes 
fo r  a sp ec if ic  polypeptide. An A l le le  is  the type of 
gene which can be dominant or recessive which gives  
r is e  to a p a rt icu la r  ch arac te r is t ic . BUT: within the 
explanation of the re lationsh ip  between Phenotype: 
Genotype the student states that: " . ..genotype  equals 
types of A l le le s  present in a G e n e . . . . "
PRE TO POST CHANGE
It  seems that CM has memorised the re la tionsh ip  between 
GeneiA lle le  and is  therefore able to state " . .a n  A l le le  is  
a pa rt icu la r  type of Gene.." CM is  a lso  able to explain  
the re lationsh ip  between Heterozygous:Homozygous and 
states, "..heterozygous = dominant and recessive A l le le .  
Homozygous = two A l le le s  the sam e..."
CM’ s concept o f Recessive:Dominant is  more ’ s c i e n t i f i c ’ and 
does not use terms l ik e  WEAK/POWERFUL but rather she states  
" . . . g i v in g  r is e  to i t s  c h a ra c te r . . . "
HOWEVER while g iv ing the re la tionsh ip  between 
Phenotype:Genotype CM re fe rs  to "...TYPES o f A l le le s  
PRESENT in Gene.."
STUDENT MW:
PRE: An A l le le  is  made up of the Genes of the parents, 
determining the phenotype of the o ffsp r in g .
POST: An A l le le  is  an a lte rnative  form of a gene which 
corresponds to a p a rt icu la r  locus o f a homologous 
chromosome.
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P R E  TO  P O S T  CHANGE
MW seems to have ’ learnt* the re la tionsh ip  between 
Gene:A lle le  and is  therefore able  to state " . .a n  A l le le  is  
an a lte rnative  form of a Gene which corresponds to a 
pa rt icu la r  locus of a homologous chromosome..." This on 
the face o f i t  is  a p e r fec t ly  correct explanation HOWEVER 
in trying to explain  Heterozygous:A lle le  MW states  
"..heterozygous means the Gene contains two d if fe ren t  
A l le le s ,  one recessive and one dominant..,"
So MW has the concept that Heterozygous is  ’d i f f e r e n t ’ but 
has reverted to the PRE Concept of Gene:A lle le
The fo llow ing students adopted misconceptions fo llowing  
the ir  genetics instruction  (CL, JS, RK, PB, MS)
STUDENT CL:
PRE: A Gene is  the part of the chromosome which
determines a persons/animals/plants ch a rac te r is t ic -  
there is  a d i f fe re n t  gene fo r  each characte r is t ic . I 
have heard the word A l le le  but can’ t r e c a l l  what i t  
means.
POST: A Gene is  a p a rt ic u la r  section of a chromosome 
which controls a p a rt icu la r  character for the 
organism. An A l le le  is  two d i f fe re n t  v a r ie t ie s  of a 
gene. BUT: within the explanation of the re lationsh ip  
between Recessive: Dominant the student states that:
" . . . tw o  forms of genes dominant and recessive make an 
a l l e l e . . . "
PRE TO POST CHANGE
It  seems that CL has memorised the re la tionsh ip  between 
Gene:A llele  and is  therefore able to state " . . . a n  A l le le  
is(TWO) d i f fe ren t  v a r ie t ie s  of a Gene.." HOWEVER while  
giving the re la tionsh ip  between Recessive:Dominant CL 
states " . .tw o  forms of Genes, dominant and recessive MAKE 
AN A l l e l e . . . "
STUDENT JS:
PRE: Gene-activated section of chromosome which gives  
r ise  to ch aracte r is t ics  in adult c e l l .  A l le le :  don’ t 
know.
POST: Gene potentia l characte r is t ic  on chromosome.
A l le le  ch aracte r is t ic  actua lly  rea l ised , gene 
activa ted .
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P R E  TO P O S T  CHANGE
JS has gone from not knowing the term A l le le  to be liev ing  
that " . .a n  A l le le  is  an activated Gene.," This confusion 
i s  added to by the be lieve  that "...dominant Genes w i l l  
always become the A l l e l e . . "
STUDENT RK:
PRE: A Gene is  a unit o f the body which contains the
genetic information o f that organism. A gene is  coded 
with information about body make-up ie : h a ir  colour. 
In humans, h a lf  the genes are from one parent and h a lf  
from the other. These combine in strands of DNA and 
hold a l l  the necessary characte r is t ics  fo r  that human 
and a lso  determine the sex o f  the ind iv idua l. A l le le  
l e f t  blank.
POST: A Gene is  a s ing le  unit found on a chromosome. 
I t  contains hereditary information. A l le le ,  two or 
more genes are a l l e l e s  o f each other when they are on 
homologous chromosomes, ie  at the same lo c i .  BUT: 
during her description  o f heterozygous:homozygous she 
states : where two genes (an a l l e l e )  at the same lo c i  
of a pa ir  of chromosomes are d i f f e r e n t . . . .
PRE TO POST CHANGE
RK is  I think almost there HOWEVER she has the idea that 
TWO GENES EQUAL AN a l l e l e .  This confusion is  h ighlighted  
again in her description  of the term DOMINANT where she 
states " . . . i t  (dominant) is  an ALLELE which is  e ither  
homozygous or heterozygous.
STUDENT PB:
PRE: gene is  a p a rt icu la r  section of DNA strand that 
codes fo r  a pa rt icu la r  function ie hormone synthesis  
or what colour a developing childs eyes w i l l  be. 
A l le le  never heard of i t .
POST: gene comprises of 3 nucleotides on a sp ec if ic  
locus on a chromosome that codes fo r  a sp ec if ic  amino- 
acid. A l le le  two or more genes that can occupy same 
locus on a chromosome but express d i f fe ren t  
ch a ra c te r is t ic s .
PRE TO POST CHANGE:
The student was able to explain the re la tionsh ip  between 
other pa irs  of terms w e ll and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between G ene :A lle le . (although he i s  s t i l l  a 
l i t t l e  muddled about the meaning of gene)
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The follow ing students, LM,MG and SE hold misconceptions 
BOTH pre and post the ir  genetics instruction.
STUDENT MS:
PRE: A Gene has a sp ec if ic  function and contains a 
pa rt icu la r  genetic information eg: ha ir  colour. An 
A l le le  is  a " l ik e "  or s im ilar  type of gene. eg when 
two genes with s p e c i f ic a l ly  the same function are 
ca lled  a l l e l e s .
POST: A Gene is  a sequence or strand of DNA which
contains or makes up the ind iv iduals characte r is t ics .  
An A l le le  is  another ch aracter ist ic  carried  on a 
sim ilar  gene.
PRE TO POST CHANGE
MS seemed to have almost got the concept of A l le le  during 
the PRE stage but has lo s t  i t  during the POST stage and 
seems to now be lieve  that an A l le le  is  part o f a Gene. 
Also MS is  s t i l l  using non -sc ien tif ic  terminology. For 
example MS states "..dominant means MORE POWERFUL..."
The fo llow ing students held misconceptions both Pre and 
Post the ir  genetics instruction  (LM, MG, SE) .
STUDENT LM:
PRE: A Gene is  made up o f chromosomes An A l le le  is
a pa ir  of genes. Humans have 46 genes in 23 pa irs  or 
a l l e l e s .
POST: A Gene is  a unit o f hereditary information made 
up of nucleotides. These genes make up the chromosome 
which are paired. These pa irs  are ca lled  A l le le s .  A 
homozygous A l le le  has iden tica l genes.
PRE TO POST CHANGE
LM s t i l l  be lieves  that an A l le le  is  two Genes and therefore  
encounters many problems. For example in trying to explain  
Heterozygous:A lle le she states that " . . a  heterozygous 
A l le le  has two Genes that are d i f f e r e n t . . ” Then in trying  
to explain Homozygous: A l le le  she goes onto say " . . a  
homozygous A l le le  has iden tica l Genes.." Again with 
Homozygous:Pure-Breeding " . . .  homozygous, two genes present 
in A l le le  are the same.."
STUDENT MG:
PRE: A Gene is  a sp ec i f ic  amount of genetic data.
This data is  made up o f A l le le s .
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POST: A Gene is  a sp ec if ic  part of a chromosome,
storing a certa in  genetic code. An A l le le  is  a name 
given to the important parts of the gene.
PRE TO POST CHANGE
MG s t i l l  be lieves  that a Gene i s  made up of A l le le s .  His 
confusion is  h igh lighted when he t r ie s  to give an 
explanation fo r  Recessive:A l l e l e . . .an A l le le  is  a certa in  
piece in a Gene which can cause mutation.
STUDENT SE:
PRE: A Gene is  made up of chromosomes, and is
instructionary , hereditary  m ateria l. An A l le le  ( f a in t  
reco llec t ion ) i t  is  to do with the spindles and 
mitosis and meiosis.
POST: The Genes fo r  sp ec if ic  characte r is t ics  are known 
as A l le le s .  The GENE fo r  hair  colour w i l l  CONSIST OF 
a l l e l e s .  During the d e s c r i p t i o n  o f
heterozygous: a l l e l e  she states that the a l l e l e s  are 
s l igh t  d ifferences  that make up a gene.
PRE TO POST CHANGE:
SE is  almost there. However there is  confusion because she 
be lieves  that Genes are made up of A l le le s
This student who was able to give the accepted s c ie n t i f ic  
explanation both Pre and Post the genetics instruction.
STUDENT LG:
PRE: A gene consists of two strands of DNA. The gene 
binds with another gene to form a chromosome. The 
a l l e l e  s ig n i f ie s  the type of gene that would determine 
the genetic formation of the body.
POST: gene is  a strand of DNA that stores genetic and 
heredity information. a l l e le s  are the d i f fe ren t  
versions of the same gene ie : dominant and recessive .
The student was able to explain  the re lationsh ip  between 
other pa irs  of terms well and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re lationsh ip  between Gene :A lle le .
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Appendix  9.
The Gene:A lle le  
Pre and Post responses 
of the students taught with the 
Chromosome Model.
Appendix  9
The fo llow ing students appear to have adopted the accepted 
s c ie n t i f ic  explanation fo r  the re lationsh ip  between 
Gene:A l l e l e .
Student SC:
PRE: gene is  the material that enables information
about the c e l l  to be passed on from one c e l l  down to
the next fo r  many generations. A l le le  never heard of
i t ,
POST: A gene is  a segment of DNA which controls a
sp ec if ic  inherited ch arac te r is t ic . An a l l e l e  is  a 
form of a gene, a gene can have two or more versions  
or a l l e l e s .
PRE TO POST CHANGE:
SC has produced a s c ie n t i f ic  explanation fo r  the
re lationsh ip  between Gene:A lle le , BUT: within the
explanation fo r  the re la tionsh ip  between Gene:Genotype SC 
states that the genotype i s  the a l l e l e s  in the gene.
Student EC:
PRE: A gene is  a strand of DNA made of numerous base 
t r ip le t s .  This gene is  then coded into RNA and th is  
is  used outside the nucleus of the c e l l  where genes 
are found to make amino-acids and proteins. A l le le ,  
never heard o f  i t .
POST: A gene is  a s tr ing  of nucleic acid which hold 
the information fo r  one character ist ic  o f an organism. 
Many genes make up a chromosome. An a l l e l e  is  one 
type of gene but only two of the a l l e l e s  can jo in  to 
form one p a rt icu la r  ch arac te r is t ic . eg: there are 3 
a l l e l e s  fo r  blood types two dominant A and B and one 
recessive 0.
PRE TO POST CHANGE.
The student was able  to explain  the re lationsh ip  between 
other pa irs  of terms well and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between G ene :A lle le .
Student LM:
PRE: A gene is  hereditary  information which determines 
height, colour etc. I don’ t know connection with 
a l l e l e  cannot remember.
POST: A gene is  an ind iv idual length of DNA material 
which plays a part in inheritance of parental
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features. The a l l e l e  of the gene determines whether 
the feature w i l l  be apparent or not by being e ither  
recessive or dominant.
PRE TO POST CHANGE:
The student was able to explain  the re la tionsh ip  between 
other pa irs  of terms w e ll and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene :A lle le .
Student SA:
PRE: Gene determines the features, personality  that 
each ind iv idual has l ik e  the colour of ha ir  etc. 
A l le le ,  l e f t  blank.
POST: The DNA sequence o f a gene can sometimes change. 
The new sequence w i l l  produce s l ig h t ly  d i f fe ren t  
versions o f the polypeptide. A change in the DNA 
sequence resu lts  in two or more versions o f the gene, 
the so ca lled  a l l e l e s .
PRE TO POST CHANGE:
The student was able to explain  the re la tionsh ip  between 
other pa irs  of terms well and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re lationsh ip  between G ene :A lle le .
A l l  but SC ARE now able to give the accepted s c ie n t i f ic  
explanation of the re la tionsh ip  between Gene:A lle le .
The fo llow ing students have adopted misconceptions 
fo llow ing the ir  genetics instruction , KC, CC, DB, DJB, FE. 
Student KC:
PRE: gene structure which actua lly  is  the genetic code 
fo r  humans/organisms. A l l e le ,  never heard of i t .
POST: One gene causes the determination of a
c h a r a c t e r i s t i c s ) of the organism. One gene is  made 
up of two a l l e l e s .
PRE TO POST CHANGE:
KC now holds the misconception that genes contain a l l e l e s  
and th is  leads to confusion when the student t r ie s  to 
explain the re la tionsh ip  between recess ive : a l l e l e  where he 
states that a l l e l e s  pa ir  up to form genes. Also during the 
explanation of the re la tionsh ip  between phenotype:dominant 
the student ta lks  about the dominant a l l e l e  being in the 
gene.
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Student CC:
PRE: I have heard of the term gene but cannot
remember. A l le le ,  never heard of i t .
POST: A gene is  a sp ec i f ic  length o f DNA which has a 
nucleotide sequence. A l le le s  l i e  on the locus along 
the gene.
PRE TO POST CHANGE:
CC seems to be on the way to the idea that a l l e l e s  occupy 
the gene locus but is  s t i l l  confused. This is  i l lu s t ra te d  
during her explanation of the re lationsh ip  between 
gene: genotype where she states that genes carry the a l l e l e s  
and help to express the genotype.
Student DB:
PRE: A gene determines what colour eyes, ha ir  you get 
and what determines what sex you a re , You get your 
genes from your mum and dad. A l le le ,  never heard of 
i t .
POST: A gene is  carried  on the chromosome and contains 
the a l l e l e s  that determine the features o f the 
o f f s p r in g .
PRE TO POST CHANGE:
DB seems to be lieve  that genes contain a l l e l e s .  This leads 
to confusion when trying to explain the re lationsh ip  
between other pa irs  of terms, fo r  example, 
heterozygous: a l l e l e  where DB states that heterozygous means 
a gene containing two d i f fe re n t  a l l e l e s ,  and gene: genotype 
where DB states that the genotype is  the types of genes 
which have been MADE by the a l l e l e s .
Student DJB:
PRE: A gene is  something that determines what w i l l  be 
formed a fte r  reproduction. They come from the male 
and the female and depending on what types of genes 
are present w i l l  determine what w i l l  be formed. 
A l le le ,  never heard of i t ,
POST: gene is  a p a rt icu la r  ch aracter ist ics  of an
ind iv idual. A l le le  is  a part of a gene.
PRE TO POST CHANGE:
DJB has adopted the misconception that genes contain  
a l l e l e s  and th is  therefore leads to confusion with other 
pairs  o f terms. For example, heterozygous: a l l e l e  and 
homozygous: a l l e l e , where DJB states that heterozygous means 
a dominant gene and a recessive gene ON the a l l e l e  whereas
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Student FE:
PRE: The a l l e l e  is  located on the chromosome and shows 
a p a rt icu la r  feature or character ist ic  and has a 
part icu la r  gene locus.
POST: gene, located on a chromosome contains sp ec if ic  
information. A l le le  two recessive/dominant on each 
gene.
PRE TO POST CHANGE:
FE has l e f t  many of the pages blank eg: 
heterozygous:a l l e l e ; phenotype: genotype; recess ive : dominant 
and gene: genotype which would imply e ither that he could 
not be bothered to complete the Booklet OR that he is  
unsure of the re la tionsh ip  between Gene:A lle le  and is  
therefore confused about the re lationsh ip  between other 
pairs  of terms.
h o m o z y g o u s  m e a n s  b o t h ' g e n e s  t h e  s a m e  o n  t h e  a l l e l e .
The fo llow ing students, NR and TB held misconceptions BOTH 
pre and post th e ir  genetics instruction.
Student NR:
PRE: A gene holds the genetic code o f the c e l l .  I  
think that an a l l e l e  i s  part of a gene.
POST: A gene is  part o f a chromosome. An a l l e l e  is  a 
sp ec if ic  part of the genetic m aterial. The link  is  
that genes are made up o f several a l l e l e s .
PRE TO POST CHANGE:
The misconception that genes contain a l l e l e s  has persisted .  
NR is  unable to explain heterozygous:homozygous in terms of 
a l l e l e s  and states that heterozygous re fe rs  to d i f fe ren t  
gametes of an ind iv idual and homozygous, same gametes of an 
in d iv id u a l.
Student TB:
PRE: A sp ec if ic  chromosome is  ca lled  a gene. Genes 
determine a l l  the features of a persons body. AN 
a l l e l e  is  one o f the two strands o f genes which 
determines the certa in  feature.
POST: genes found on a chromosome, contain sp ec if ic  
information that determines d i f fe ren t  ch aracte r is t ics .  
A l le le  one ch aracte r is t ic  of the two which make up a 
gene.
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The misconception has pers isted . In describing
heterozygous:homozygous TB states that a heterozygous gene 
is  a gene containing both a dominant and a recessive a l l e l e  
and a homozygous gene is  one that contains e ither both 
dominant or both recessive a l l e l e s .
PR E  TO  P O S T  CHANGE:
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A p p e n d i x  1 0 .
The Gene:A lle le  
Post responses of the students from 
Educational Establishments G, T, A & C 
in Groups P & Q,
27 7
The fo llow ing students appear to have gone from never 
having heard or forgotten  the meaning of A l le le  to being 
able to give the accepted s c ie n t i f ic  explanation of the 
re la tionsh ip  between G ene:A lle le .
Student GA1:
POST: gene is  found on the chromosome and is  the
c a r r ie r  o f genetic information. A l le le  is  the gene 
but more that one type can ex is t  ( i e :  one dominant and 
one recess ive )
The student was able to explain the re la tionsh ip  between 
other pa irs  of terms w e ll and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between G ene :A lle le .
Student GA2:
POST: gene is  a unit o f hereditary m aterial. A l le le  
is  found on a sp ec i f ic  lo c i  of a gene and determines 
an ind iv idual ch arac te r is t ic .
The student was able to explain  the re la tionsh ip  between 
other pa irs  of terms w e ll and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between G ene :A lle le .
Student GA8
POST: a gene locus is  a part of a chromosome where
a l l e l e s  o f d i f fe re n t  ch aracter ist ics  can f i t  in -there  
may be several d i f fe re n t  a l l e l e s  fo r  one gene.
The student was able to explain  the re la tionsh ip  between 
other pa irs  of terms w e ll  and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene :A lle le .
Student GA19
POST: a gene is  the unit o f hereditary. I t  determines 
what an organisms ch aracte r is t ics  are and an a l l e l e  is  
an a lte rn ative  form of the same gene. A gene fo r  eye 
colour has 2 a l l e l e s  b = blue and B = Brown, they are 
d if fe re n t  forms o f the same gene.
The student was able to explain the re la tionsh ip  between 
other p a irs  of terms w e ll and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene :A lle le .
A p p e n d i x  10
a )  E D U C T IO N A L  E S T A B L IS H M E N T  G .  GROUP Q .
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S t u d e n t  G A20
POST: gene is  the characte r is t ic  blue p r in ts . Each 
gene has a function eg eye colour. A l le le  is  a 
version of one p a rt icu la r  gene eg d i f fe re n t  a l l e l e s  
fo r  eye colour would be B(Brown) and b ( b l ue ) .
This student seems to have adopted the accepted s c ie n t i f ic  
explanation fo r  the re la tionsh ip  between Gene:A lle le  BUT 
when attempting to explain the re lationsh ip  between 
gene: genotype the student states that genotype is  a way of 
choosing both a l l e l e s  in that one gene.
Student GA21
POST: a gene is  a sp ec if ic  part of the DNA molecule 
which codes fo r  a certa in  ch aracte r is t ic . A gene may 
have several forms, or a l l e l e s .  eg gene fo r  Brown 
eyes (B) there may be a recessive a l l e l e  which 
produces green eyes ( b ) .
The student was able to explain the re lationsh ip  between 
other pa irs  o f terms well and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la t ionsh ip  between G ene:A lle le .
This student appears to have gone from a misconception to 
being able to give the accepted s c ie n t i f ic  explanation of  
the re la tionsh ip  between Gene:A lle le .
Student GA3
POST: a gene is  a locus on a chromosome where 
information fo r  a p a rt icu la r  ch aracter ist ic  is  held. 
Two re la t iv e  places on the same point of a chromosome, 
each on a pa ir  of homologous chromosome-is an a l l e l e .
The student was able to explain the re la tionsh ip  between 
other pa irs  of terms well and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between G ene:A lle le .
These students were able to give the accepted s c ie n t i f ic  
explanation fo r  the re la tionsh ip  between Gene:A llele  both 
Pre and Post the genetics instruction.
Student GA4
POST: a gene is  a region of a chromosome responsible  
fo r  the production of a polypeptide. An a l l e l e  is  one 
of the a lte rn atives  fo r  one pa rt icu la r  gene locus on 
a homologous pa ir .
The student was able to explain the re lationsh ip  between 
other pa irs  of terms w e ll and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the
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Student GA23
POST: a gene is  a unit of inherited material fo r  a
pa rt icu la r  characte r is t ic  such as eye colour. An 
a l l e l e  is  an a lte rnative  form of th is  gene. I f  the 
genotype was BB (two Brown eye a l l e l e s )  or Bb (one 
Brown eye a l l e l e  and one blue eye a l l e l e )  the person 
would have Brown eyes.
The student was able to explain  the re lationsh ip  between 
other pa irs  of terms w e ll and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene:A lle le .
r e l a t i o n s h i p  b e t w e e n  G e n e : A l l e l e .
b) EDUCATIONAL ESTABLISHMENT T. GROUP Q.
The fo llow ing students appear to have gone from never
having heard o f or forgotten the meaning of the term A l le le  
to being able to give the accepted s c ie n t i f ic  explanation  
fo r  the re lationsh ip  between Gene:A llele .
Student IB
POST: genes are made up o f DNA and they are the 
hereditary material which we gain from both parents. 
We gain two genes fo r  each ch aracte r is t ic . Some
genes, known as a l l e l e s ,  come in d i f fe ren t  forms eg 
eye colour gene can come in blue or brown.
The student was able to explain  the re lationsh ip  between
other pa irs  of terms well and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene:A lle le .
Student 4B
POST: a gene is  a piece o f genetic coding found on a 
chromosome an a l l e l e  is  the contracting expressions  
fo r  that gene ch aracte r is t ic .
This student appears to have adopted the accepted 
s c ie n t i f ic  explanation fo r  the re lationsh ip  between 
Gene:A llele  BUT in attempting to explain the re lationsh ip  
between heterozygous: a l l e l e  she states that a heterozygous 
gene must have two s im ilar  a l l e le s  in i t  and fo r  
homozygous:a l l e l e  the student states that a homozygous 
a l l e l e  must have two genes the same in i t .
2 8 0
S t u d e n t  8B
POST: an a l l e l e  is  a s tra in  of a certa in  gene.
The student was able  to explain  the re la tionsh ip  between 
other pa irs  of terms w e ll and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between G ene:A lle le .
This student has gone from a misconception to being able to 
give the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene:A lle le .
Student 9B
POST: a gene is  a piece of genetic information fo r  a 
pa rt icu la r  thing the gene may have d i f fe re n t  a l l e l e s  
eg a gene may code fo r  eye colour and d if fe ren t  
a l l e l e s  of that gene code for  d i f fe ren t  colours.
The student was able  to explain  the re la tionsh ip  between 
other pa irs  o f terms w e ll and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between G ene :A lle le .
c) EDUCATIONAL ESTABLISHMENT A l . GROUP Q.
The fo llow ing students went from never having heard of or 
forgotten the meaning of a l l e l e  being able to give the 
accepted s c ie n t i f ic  explanation of the re la tionsh ip  between 
Gene:A l l e l e .
Student G2
POST: a gene is  the place on the chromosome where
sp ec if ic  ch aracte r is t ics  are located, (eye co lour ).  
An a l l e l e  is  the sp ec if ic  characte r is t ic  (blue or 
brown).
The student was able to explain the re la tionsh ip  between 
other pa irs  of terms well and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene:A lle le .
Student G6
POST: a gene determines the characte r is t ics  o f an
organism and is  found on a sp ec if ic  s i te  on a 
chromosome. An a l l e l e  is  more sp ec if ic  and may carry  
the information for  sp ec if ic  varia t ions  within a 
ch aracte r is t ic  eg gene fo r  eye c o lo u r -a l le le s  fo r  blue  
or brown.
The student was able to explain the re la tionsh ip  between 
other pa irs  of terms w e ll and was therefore considered to
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have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene:A lle le .
Student G9
POST: two genes on the same point on d if fe ren t
homologous chromosomes are a pa ir  o f a l l e l e s .  ie both 
control or have the potentia l control over a 
c h a ra c te r is t ic .
The student was able to explain the re la tionsh ip  between 
other pa irs  of terms well and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene :A lle le .
The fo llow ing students went from a misconception to being 
able to give the accepted s c ie n t i f ic  explanation for  the 
re lationsh ip  between Gene:A lle le .
Student G7
POST: a p a ir  of a l l e l e s  is  the code for  determining 
the characte r is t ics  eg AA, Aa or aa whereas the gene 
locus is  the s ite  on the chromosome where the a l l e l e  
is  situated.
The student was able to explain the re la tionsh ip  between 
other pa irs  of terms w e ll and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between G ene:A lle le .
Student G8
POST: a gene is  the genetic information that w i l l
decide a ch arac te r is t ic . An a l l e l e  is  the sp ec if ic  
information that w i l l  determine one p a rt icu la r  form or  
c h a ra c te r is t ic .
The student was able to explain  the re la tionsh ip  between 
other pa irs  of terms w e ll and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re lationsh ip  between Gene :A lle le .
Student G10, below, was able to give the accepted 
s c ie n t i f ic  explanation of the re lationsh ip  between 
Gene:A llele  both pre and post the genetics instruction.
POST: along the chromosomes are genes, these have
l i t t l e  b it s  of genetic information lik e  eye colour. 
There are two sets of genes (two chromosomes). An 
a l l e l e  is  a corresponding gene on the other side  
( s tu d e n t  p rod u ced  a l i t t l e  d iagram c o r r e c t l y  d e p i c t i n g  
a p a i r  o f  hom ologous  chromosomes w ith  th e  a l l e l e s  
p o s i t i o n e d  a t  c o r r e s p o n d in g  p o s i t i o n s  on them)
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The student was able to explain the re la tionsh ip  between 
other p a irs  of terms w e ll and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene:A lle le .
d) EDUCATIONAL ESTABLISHMENT A2.GROUP Q.
The fo llow ing students appear to have gone from never 
having heard or forgotten the meaning o f A l le le  to being 
able to give the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene:A lle le
Student G38
POST: The gene lo c i  i s  where a p a rt ic u la r  a l l e l e  is  
situated on a chromosome.
The student was able to explain  the re la tionsh ip  between 
other pa irs  of terms w e ll and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene :A lle le .
Student G40
POST: gene = part of a chromosome that determines a
ch arac te r is t ic . A l le le  = variations of the genes 
(d i f fe re n t  p o s s ib i l i t i e s  fo r  that ch a rac te r is t ic )
This student appears to have adopted the accepted 
s c ie n t i f ic  explanation fo r  the re la t ionsh ip  between 
G ene:A lle le  BUT in his description  of the re lationsh ip  
between gene:genotype he states that the a l l e l e s  that make 
up the genotype are found in the gene.
Student G41
POST: a gene is  a length o f DNA which c a rr ie s  a l l  the 
genetic material o f the ce l l .  An a l l e l e  is  a 
varia tion  of a gene and controls certa in  
ch arac te r is t ics  o f the organism eg colour, s ize  etc.
This student appears to have adopted the accepted 
s c ie n t i f ic  explanation fo r  the re la tionsh ip  between 
Gene:A lle le  BUT in h is description  of the re la tionsh ip  
between heterozygous:homozygous he states that homozygous 
is  a gene that contains e ither  two dominant or two 
recessive a l l e l e s .
Student G44
POST: A gene is  the s i te  on the chromosome where the 
genetic information is  stored, a l l e l e s  are the 
d if fe re n t  p o s s ib i l i t i e s  fo r  th is information situated  
at the gene locus.
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The student was able to explain the re la tionsh ip  between 
other pa irs  o f terms well and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re lationsh ip  between Gene:A lle le .
This student was able to give the accepted s c ie n t i f ic  
explanation of the re la tionsh ip  between Gene:A llele  both 
pre and post the genetics instruction.
Student G42
POST: A gene is  a length of DNA found on a chromosome. 
I t  is  a ’ b lu ep r in t ’ which determines the structure of  
a certain  part of the organism ie blood type. A l le le s  
are the variations in the manifestation of the gene ie  
blue, green or brown eye colour. Each colour is  an 
a l l e l e  of the eye colour gene.
The student was able to explain the re la tionsh ip  between 
other pa irs  of terms well and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between G ene:A lle le .
e) EDUCATIONAL ESTABLISHMENT C. GROUP Q.
The fo llow ing students appear to have gone from never 
having heard of or forgotten the meaning of A l le le  to being 
able to give the accepted s c ie n t i f ic  explanation of the 
re lationsh ip  between Gene:A lle le ,
Student C2
POST: an a l l e l e  is  a d i f fe ren t  form of the same gene.
This student appears to have adopted the accepted 
sc ie n t i f ic  explanation fo r  the re la tionsh ip  between 
Gene:A llele  BUT in attempting to explain the re lationsh ip  
between heterozygous:homozygous she states that 
heterozygous is  a gene containing d i f fe ren t  a l l e l e s .
Student C3
POST: the a l l e l e s  belong to the same gene but each 
a l l e l e  can be d i f fe ren t .
The student was able to explain the re la tionsh ip  between 
other pa irs  of terms well and was therefore considered to 
have adopted the accepted s c ie n t i f ic  explanation fo r  the 
re la tionsh ip  between Gene:A lle le .
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S t u d e n t  C4
The student was ab le  to  e x p la in  the r e la t io n s h ip  between 
o ther p a ir s  o f  terms w e l l  and was th e re fo re  cons idered  to  
have adopted the accepted s c ie n t if ic  explanation fo r  the 
re la tion sh ip  between G ene :A lle le .
Student C7
POST: gene = u n it  o f  g e n e t ic  m a ter ia l which is  g iven  
a t  a c e r ta in  l o c i  a long the chromosome. The a l l e l e  is  
a c e r ta in  type o f  gene ( d i f f e r e n t  type o f  gen e ).
The student was ab le  to  e x p la in  the r e la t io n s h ip  between 
o ther p a irs  o f  terms w e l l  and was th e r e fo r e  cons idered  to  
have adopted the accepted s c ie n t if ic  explanation fo r  the 
re la tion sh ip  between G ene :A lle le .
Student 08
POST: an a l l e l e  i s  a d i f f e r e n t  type o f  gene.
The student was ab le  to  e x p la in  the r e la t io n s h ip  between 
o ther p a ir s  o f  terms w e l l  and was th e r e fo r e  cons idered  to  
have adopted the accepted s c ie n t if ic  explanation fo r  the 
re la tion sh ip  between G ene :A lle le .
Student C l l
POST: genes are the u n its  which make up a chromosome 
(a  s t r in g  o f  g e n es ) .  An a l l e l e  i s  one p a r t i c u la r  type 
o f  gene re sp o n s ib le  f o r  example f o r  b lack  h a ir .
The student was ab le  to  e x p la in  the r e la t io n s h ip  between 
o ther p a ir s  o f  terms w e l l  and was th e r e fo r e  cons idered  to  
have adopted the accepted s c ie n t if ic  explanation fo r  the 
re la tion sh ip  between G ene :A lle le .
Student C13
POST: A gene i s  a u n it  o f  g e n e t ic  m a te r ia l  found on a 
chromosome. I t  c o n t ro ls  a c e r ta in  c h a r a c t e r i s t i c  o f  
the organism. Some c h a r a c t e r is t i c s  eg b lood group, 
eye co lou r , f lo w e r  c o lou r  can have d i f f e r e n t  genes 
causing them. These genes are found on the same p lace  
in  a chromosome but produce d i f f e r e n t  phenotypes. 
These d i f f e r e n t  genes are  c a l l e d  a l l e l e s .
The student was ab le  to  e x p la in  the r e la t io n s h ip  between 
o ther p a ir s  o f  terms w e l l  and was th e r e fo r e  cons idered  to  
have adopted the accepted s c ie n t if ic  explanation fo r  the 
re la tion sh ip  between G ene :A lle le .
P O S T :  a n  a l l e l e  i s  a  d i f f e r e n t  f o r m  o f  t h e  g e n e .
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S t u d e n t  C 16
POST: a gene f i t s  a p o s i t io n  in  a l o c i  on a chromosome 
which holds d i f f e r e n t  needed in fo rm ation . A l l e l e s  are 
d i f f e r e n t  types o f  genes which can f i l l  the l o c i .
The student was ab le  to  e x p la in  the r e la t io n s h ip  between 
o ther p a ir s  o f  terms w e l l  and was th e r e fo r e  cons idered  to  
have adopted the accepted s c ie n t if ic  explanation fo r  the 
re la tion sh ip  between G ene :A lle le .
Student Cl 7
POST: A gene is  a p a r t  o f  a chromosome which c a r r ie s  
the g e n e t ic  m a te r ia l  f o r  one p a r t ic u la r  fu n c t ion  or
c h a r a c t e r is t i c  eg eye c o lou r .  An a l l e l e  i s  one o f  the
p o s s ib le  p ie c e s  tha t can f i t  in to  th is  p a r t  o f  the
chromosome (eg  brown, b lue or green e y e s ) .
The student was ab le  to  ex p la in  the r e la t io n s h ip  between 
o th er  p a ir s  o f  terms w e l l  and was th e r e fo r e  cons idered  to  
have adopted the accepted s c ie n t if ic  explanation fo r  the 
re la tion sh ip  between G ene :A lle le .
Student C l9
POST: gene i s  an in d iv id u a l  l in k  in  a chromosome
con ta in ing  c e r ta in  c h a r a c t e r i s t i c s .  An a l l e l e  i s  a 
combination or group o f  genes each determ in ing 
s p e c i f i c  c h a r a c t e r is t i c s .
The student was ab le  to  ex p la in  the r e la t io n s h ip  between 
o th er  p a ir s  o f  terms w e l l  and was th e r e fo r e  cons idered  to  
have adopted the accepted s c ie n t if ic  explanation fo r  the 
re la tion sh ip  between G ene :A lle le .
The fo l lo w in g  student has gone from a m isconception  to  
being ab le  to  g iv e  the accepted  s c i e n t i f i c  exp lana t ion  f o r  
the r e la t io n s h ip  between G e n e :A l le le .
Student C20
POST: An a l l e l e  i s  a type o f  gene. A gene i s  a u n it  
or s e c t io n  o f  a chromosome made up o f  a number o f  
bases determ in ing g e n e t i c a l l y  in h e r i t e d  in fo rm ation . 
D i f f e r e n t  fea tu res  eg h a ir  co lou r  or  eye co lou r .  The 
d i f f e r e n t  forms o f  these  genes are termed a l l e l e s .
The student was ab le  to  ex p la in  the r e la t io n s h ip  between 
o ther  p a ir s  o f  terms w e l l  and was th e r e fo r e  cons idered  to  
have adopted the accepted s c ie n t if ic  explanation fo r  the 
re la tion sh ip  between G ene :A lle le .
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The fo l lo w in g  students appear to  have gone from never 
having heard o f  o r  fo r g o t t e n  the meaning o f  A l l e l e  to  being 
ab le  to  g iv e  the accepted  s c i e n t i f i c  exp lan a t ion  o f  the 
r e la t io n s h ip  between G e n e :A l le le .
Student G26
POST: an a l l e l e  i s  the d i f f e r e n t  p o s s i b i l i t i e s  o f  a 
gene .
This student appears to  have adopted the accepted  
s c i e n t i f i c  exp lan a t ion  f o r  the r e la t io n s h ip  between
G e n e :A l le le  HOWEVER the student was unable o r  d id  not
bother to  g iv e  any exp lana tions  f o r  the r e la t io n s h ip  
between p a irs  o f  terms tha t  contained heterozygous or
homozygous as one o f  the p a ir .
Student G30
POST: An a l l e l e  i s  a v a r ia t io n  o f  the g en e - in  o ther  
words i t  i s  a v a r ia t io n  o f  one c h a r a c t e r i s t i c .
This student seems to  have adopted the accepted s c i e n t i f i c  
exp lana tion  f o r  the r e la t io n s h ip  between G e n e :A l le le  
HOWEVER the student was on ly  ab le  to  or cou ld on ly  be
bothered to  g iv e  exp lana tions  o f  the r e la t io n s h ip s  between 
ju s t  FOUR o th e r  p a ir s  o f  terms ( chromosome: gene ; 
r e c e s s i v e : a l l e l e ; dominant: a l l e l e  and gam etes :m e ios is )
The fo l lo w in g  students have gone from va r iou s  
m isconceptions to  being ab le  to  g iv e  the accepted 
s c i e n t i f i c  exp lan a t ion  o f  the r e la t io n s h ip  between 
Gene:A l l e l e .
Student G13
POST: gene i s  p a r t  o f  a chromosome which c a r r ie s  a
p a r t ic u la r  c h a r a c t e r i s t i c  (e g  eye c o lo u r ) .  A l l e l e :  
can have an a l l e l e  f o r  brown eyes and an a l l e l e  f o r  
blue eyes ( = e f f e c t  o f  gen e ).
The student was ab le  to  e xp la in  the r e la t io n s h ip  between 
o ther  p a ir s  o f  terms w e l l  and was th e r e fo r e  cons idered  to  
have adopted the  accepted  s c i e n t i f i c  exp lan a t ion  f o r  the 
r e la t io n s h ip  between G e n e :A l le le ,
Student G25
POST: the gene is  the g e n e t ic  coding f o r  p a r t i c u la r  
c h a r a c t e r is t i c s  and an a l l e l e  i s  the c a r r i e r  o f  the 
in fo rm ation  f o r  one p a r t i c u la r  c h a r a c t e r i s t i c .
f )  E D U C A T IO N A L  E S T A B L IS H M E N T  A .  GROUP P .
2 8 7
The student was ab le  to  e x p la in  the r e la t io n s h ip  between 
o ther p a ir s  o f  terms w e l l  and was th e r e fo r e  cons idered  to  
have adopted the accepted  s c i e n t i f i c  exp lan a t ion  f o r  the 
r e la t io n s h ip  between G e n e :A l le le .
Student G32
POST: A gene i s  p a r t  o f  a chromosome i t  c a r r ie s  the 
g e n e t ic  in fo rm ation  f o r  a p a r t i c u la r  fe a tu re  o f  an 
in d iv id u a l ,  eg th e re  i s  a gene f o r  eye co lou r .  An 
a l l e l e  is  a form o f  a gene, eg the gene f o r  eye co lou r  
can have two d i f f e r e n t  a l l e l e s ,  one f o r  brown eyes and 
one f o r  blue eyes . More tha t  one a l l e l e  f o r  a fe a tu re  
can be p resen t in  one in d iv id u a l .
The student was ab le  to  ex p la in  the r e la t io n s h ip  between 
o ther p a ir s  o f  terms w e l l  and was th e r e fo r e  cons idered  to  
have adopted the accepted  s c i e n t i f i c  exp lan a t ion  f o r  the 
r e la t io n s h ip  between G e n e :A l le le .
The fo l lo w in g  student was ab le  to  g iv e  the accepted
s c i e n t i f i c  exp lana t ion  f o r  the r e la t io n s h ip  between
G e n e :A l le le  both pre and post the g e n e t ic s  in s t ru c t io n .  
Student G27
POST: A gene i s  a p o in t  on a chromosome which c o n tro ls  
a c h a r a c t e r i s t i c .  I t  does th is ,  as i t  i s  the tem plate 
f o r  the production  o f  a s p e c i f i c  p r o te in ,  which
co n tro ls  the c h a r a c t e r i s t i c .  An a l l e l e  i s  the
s p e c i f i c  gene f o r  THAT c h a r a c t e r i s t i c .  For example, 
i f  a gene was c o n t r o l l in g  eye co lou r , then an a l l e l e  
would be the type o f  gene which gave eye co lou r  to  be 
’ b lu e ’ . A l l e l e s  are  ju s t  s p e c i f i c  genes which g iv e  
the c h a r a c t e r i s t i c  they c o n t ro l  a s p e c i f i c  form.
The student was ab le  to  e x p la in  the r e la t io n s h ip  between 
o ther  p a ir s  o f  terms w e l l  and was th e r e fo r e  cons idered  to  
have adopted the  accepted  s c i e n t i f i c  exp lan a t ion  f o r  the 
r e la t io n s h ip  between G e n e :A l le le .
2 8 8
A n a ly s is  Forms f o r  the 
Educational Establishm ents T, A & C.
A p p e n d i x  1 1 .
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Appendix 11
EDUCATIONAL ESTABLISHMENT, T. ANALYSIS FORM
The following pairs of terms were ranked between 1 and 10 (with 1 being 
considered the most difficult) by over 50% of the class (n=9). The students 
were unable to give an explanation of the relationship between these pairs of 
terms. This inability to give a relationship was due to the student either:
1) getting one or both terms wrong.
2) not having heard of one or both of the terms.
3) being unable to remember the meaning of one or both terms.
TERMS RANK POSITION NUMBER OF
STUDENTS. (%)
Gene:Allele 1 9 (100)
Heterozygous:Allele 2 8 (88)
Homozygous:Allele 3 7 (78)
Recessive:Allele 4 6 (67)
Chromosome:Me i os i s 7 5 (56)
Heterozygous:Homozygous 7 5 (56)
Zygote:Diploid 7 5 (56)
Phenotype:Genotype 7 5 (56)
Dominant:Allele 7 5 (56)
Of the 21 pairs of terms in the booklet, 5 pairs contain the term Allele. All 
these pairs of terms occur in the above table.
The majority of the class (6/9) had no idea of the meaning of the term Allele 
and so Gene was used in its place when explaining the relationship between 
pairs of terms like recessive:dominant; recessive :a lle le ; 
heterozygous:homozygous; heterozygous:allele; phenotype;dominant; 
homozygous:allele and homozygous:pure breeding.
There were two students who believed that genes & / o r  alleles are the same as 
a chromosome. (6B & 8B).
Where the students believed that Genes contained Alleles (5B & 9B) it led to 
confusion with other pairs of terms like Heterozygous:Homozygous; 
Heterozygous:Allele and Homozygous:Allele. Student 5B believed that 
Heterozygous allele means, two different alleles making up an allele or even 
that heterozygous meant two different zygotes with Homozygous meaning two 
zygotes the same. Student 9B believed that Heterozygous equalled a gene 
containing two different alleles with Homozygous equalling a gene containing 
two identical alleles.
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EDUCATIONAL ESTABLISHMENT, A ( G P . l ) ,  ANALYSIS FORM.
The following pairs of terms were ranked between 1 and 10 (with 1 being
considered the most difficu lt) by over 50% of the class (n=ll). The students
were unable to give an explanation of the relationship between these pairs of 
terms. This inability to give a relationship was due to the student either:
1) getting one or both terms wrong.
2) not having heard of one or both of the terms.
3) being unable to remember the meaning of one or both terms.
Terms Rank Position Number of
Students. (%)
Gene:Allele 1.5 10 (91)
Homozygous:Allele 1.5 10 (91)
Heterozygous:Homozygous 3.5 9 (82)
Heterozygous:Allele 3.5 9 (82)
Recessive:Allele 5.5 8 (73)
Homozygous:Pure breeding 5.5 8 (73)
Dominant:Allele 7.0 7 (64)
Phenotype:Genotype 9.0 6 (55)
Gene:Genotype 9.0 6 (55)
Gametes:Meiosis 9.0 6 (55)
Of the 21 pairs of terms in the booklet, 5 pairs contain the term Allele. All 
these 5 pairs of terms occur in the above table.
The majority of this group of students (7/11) had no idea of the meaning of 
the term Allele. They therefore used Gene in place of Allele when explaining 
the relationship between pairs of terms like Recessive:Dominant; 
Recessive:Allele; Phenotype:Dominant and Dominant:Allele. Terms like 
Heterozygous:Homozygous were not related to alleles at a ll, but to types of 
organisms, or even species.
Where the student believed that Alleles contained Genes or Genes contained 
Alleles (n=3) this led to confusion with other pairs of terms like 
Homozygous:Heterozygous where the student believes that Homozygous equals a 
gene containing two identical alleles and Heterozygous equals a gene 
containing two different alleles and that Genotype was thought to equal the 
information carried on/in a gene.
One student (G10) was able to give a relationship between Gene and Allele 
which was reasonable. However, when describing the relationship between terms 
like Recessive:Allele and Phenotype:Dominant the student used gene in place 
of allele and so there is obviously some confusion about the fu ll relationship 
between the terms Gene and Allele.
One student (G4) tried to relate Recessive and Dominant to numbers, where 
recessive occurs less often than dominant. And finally there were a couple 
of students (G4 and Gil) who believed that Gametes equalled male genes and 
that Meiosis was the process where the gamete meets the female parts.
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Explanations of the relationship between 18/21 pairs of terms could not be 
given by over 50% of the students (n=12). Terms found most difficult and 
therefore ranked 2 were Heterozygous:Allele (92%); Gene:Allele (92%) and 
Homozygous:Allele (92%). Even terms like Chromosome:Meiosis (83%) and
Diploid:Haploid (83%), both ranked 6, were obviously found to be difficult 
too. This inability to give a relationship was due to the student either:
1) getting one or both terms wrong.
2) not having heard of one or both of the terms.
3) being unable to remember the meaning of one or both terms.
EDUCATIONAL ESTABLISHMENT, A(Group 2 ).  ANALYSIS FORM.
TERMS RANK NUMBER of
NUMBER STUDENTS(%)
Gene:Allele 2 11 (92)
Heterozygous:Allele 2 11 (92)
Homozygous:Allele 2 11 (92)
Chromosome:Meiosis 6 10 (83)
Chromosome:Diploid 6 10 (83)
Chromosome:Haploid 6 10 (83)
Heterozygous:Homozygous 6 10 (83)
Diploid:Haploid 6 10 (83)
Recessive:Allele 10 9 (75)
Zygote:Diploid 10 9 (75)
Dominant:Allele 10 9 (75)
Gene:Genotype 13 8 (67)
Gametes:Haploid 13 8 (67)
Homozygous:P.Breeding 13 8 (67)
Chromosome:Chromatid 16 7 (58)
Phenotype:Genotype 16 7 (58)
Gametes:Meiosis 16 7 (58)
Phenotype:Dominant 18 6 (50)
Gametes:Zygote 19 2
Chromosome:Gene 20.5 1
Recessive:Dominant 20.5 1
The majority of this group of students (8/12) had no idea of the meaning of 
the term Allele and so Gene was used in its place when explaining the 
relationship between terms like Recessive:Allele; Phenotype:Dominant; 
Recessive:Dominant; Heterozygous:Homozygous; Heterozygous:Allele and 
Homozygous:allele.
Where students attempted to explain the relationship between Gene:Allele (n=3) 
they became muddled because they believed that Genes contained Alleles (G35 
and G37) or Alleles contained Genes (G39). This then led to further confusion 
with the relationship between the terms Recessive: Allele where it was believed 
that characteristics were carried within the Allele (G37) or that Alleles 
contained Genes (G43).
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The majority of this group of students (9/12) had no idea or had forgotten the 
meaning of Heterozygous and Homozygous. Combined with their lack of knowledge 
of the term Allele it meant that they were obviously unable to explain the 
relationship between the terms Heterozygous:Allele and Homozygous:Allele. A 
common misconception was that Homozygous was somehow related to Zygotes that 
were the same (G39). Heterozygous was thought to mean one male Gene and one 
female Gene (G43).
7/12 of the students also had no idea of the meaning of the terms Diploid and 
Haploid and this obviously made explanations of the relationship between any 
pair of terms containing one of them impossible. Where an attempt was made 
to explain the terms the students believed, for example, that Diploid 
meant..two parts to a Chromosome and Haploid meant half a Chromosome (G37) or 
that.. .Diploid meant different to parent cell where-as Haploid meant exact 
replicas of the parent cell (G41).
Meiosis was a problem term too. The majority of the students (10/12) seemed 
unaware that Meiosis led to a reduction in chromosome number and indeed 8 
believed that the daughter cells contained the same number/identical 
chromosomes as the parent cell (G33,G36,G37,G38,G41,G42,G43 and G44). The 
remaining 2 believed that Meiosis was the process of fertilization (G34 and 
G39).
8/12 students also had a problem with the term Genotype in the pair of terms 
Gene:Genotype. 4 had never heard of the term or forgotten it ; 3 students 
believed that the Genotype somehow came from the Gene (G37,G38 and G42) while 
1 confused the term with GENUS (G41).
7/12 students were unable to give an explanation of the relationship between 
the terms Chromosome:Chromatid due to their inability to describe Chromatid. 
Various suggestions were that a Chromatid was a pair of chromosomes (G35 and 
G39); Genes split to give Chromatids (G41); a Chromatid was a join between 
Chromosomes (G36 and G43); a Chromatid was the same as a Gene (G42) or that 
a Chromatid was the same as the Centrioles (G44).
M.A. Pashley
15.4.92
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The following pairs of terms were ranked between 1 and 10 with over 50% of the 
students unable to give an explanation of the relationship between the pairs 
of terms. This inability to give a relationship was due to the student 
either:
1) getting one or both terms wrong.
2) not having heard of one or both of the terms.
3) being unable to remember the meaning of one or both terms.
EDUCATIONAL ESTABLISHMENT, C. ANALYSIS FORM.
TERMS RANK POSITION NUMBER OF
STUDENTS. (%)
Gene:Allele 1 20 (100)
Chromosome:Chromatid 2.5 19 (95)
Recessive:Allele 2.5 19 (95)
Heterozygous:Allele 4 18 (90)
Homozygous:Allele 5 17 (85)
Chromosome:Meios is 6.5 16 (80)
Dominant:Allele 6.5 16 (80)
Zygote:Diploid 8.5 15 (75)
Homozygous:Pure-breeding 8.5 15 (75)
Of the 21 pairs of terms in the booklet, 5 pairs contain the term Allele. All 
these 5 pairs of terms occur in the above table.
The majority of these students (15/20) had no idea or had forgotten the 
meaning of the term Allele. They therefore used Gene in place of Allele when 
explaining the relationship between pairs of terms like Recessive:Allele; 
Phe not ype : Do min an t ; Dom in an t: Al 1 e le  ; Rec ess i ve : Do min ant ; 
Heterozygous:Homozygous and Homozygous:Pure-breeding. With Pure-breeding 
being considered to be breeding involving only dominant genes (n=5, 
04,11,14,16 & 20)
Where the student believed that Genes contained Alleles or Alleles contained 
Genes (n=6; Cl,6,9,10,15 & 18) this sometimes led to confusion with other 
pairs of terms like Heterozygous:Homozygous where the student believed that 
Homozygous equals a gene containing two identical alleles and Heterozygous 
equals a gene containing two different alleles.
There was a great deal of confusion with Meiosis with 3 students (C9,10 & 17) 
believing that it is a process of division where the chromosome number/type 
is maintained. One (Cl) believing that the chromosomes were changed in some 
way, two (C19 & 20) believing that it was the division/joining of gametes, one 
(C15) believing that it is a process of fusion between two genes, one (C14) 
believing that it equalled the division of chromosomes required to sex the 
foetus and one (C12) believing that chromosomes were split into smaller 
strands.
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EDUCATIONAL ESTABLISHMENT, A. ANALYSIS FORM.
Explanations of the relationship between 17/21 pairs of terms could not be 
given by over 50% of the students (n=21). Terms found most difficult and 
therefore ranked 1, 2 and 3, were: Chromosome .‘Chromatid (95%);
Heterozygous:Allele (90%) and Gene:Allele (86%). Even terms like 
Gametes .‘Meiosis (81%) and Diploid:Haploid (71%) were ranked 4.5 and 9 
respectively and therefore considered difficult. This inability to give a 
relationship was due to the student either:
1) getting one or both terms wrong.
2) not having heard of one or both of the terms.
3) being unable to remember the meaning of one or both terms.
TERMS RANK NUMBER of
NUMBER STUDENTS (%)
Chromosome:Chromatid 1 20 (95)
Heterozygous:Allele 2 19 (90)
Gene:Allele 3 18 (86)
Homozygous:Allele 4.5 17 (81)
Gametes:Meiosis 4.5 17 (81)
Chromosome:Meiosis 6 16 (76)
Chromosome:Diploid 9 15 (71)
Chromosome:Haploid 9 15 (71)
Heterozygous:Homozygous 9 15 (71)
Homozygous:P.Breeding 9 15 (71)
Diploid:Haploid 9 15 (71)
Gametes:Haploid 13 14 (67)
Zygote .‘Diploid 13 14 (67)
Gene:Genotype 13 14 (67)
Phenotype:Dominant 16 12 (57)
Phenotype:Genotype 16 12 (57)
Dominant:Allele 16 12 (57)
Recessive:Allele 17 10
Gametes:Zygote 18 6
Chromosome:Gene 19 5
Recess ive:Dominant 20 1
18/21 students were unable to explain the relationship between Gene and 
Allele. In the situation where the student had no idea of the meaning of the 
term Allele (n=8), Gene was used in i t ’s place when explaining the 
relationship between terms like: Recessive:Allele; Phenotype:Dominant;
Dominant:Allele; Recessive:Dominant; Phenotype:Genotype; Homozygous:Pure 
breeding and Heterozygous:Homozygous
Where students attempted to explain the relationship between Gene and Allele 
(n=10) most became muddled because they believed that Genes contained Alleles 
(G15,G16,G17,G19,G20,G21 and G32). Other suggestions were that Gene described 
an Allele (G13); Gene was the sane as an Allele (G18) or an Allele was the 
same as a Chromosome (G25).
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This then led to further confusion when trying to explain the relationship 
between terms like Heterozygous:Allele, with students stating that 
. . ’heterozygous alleles contain different genes..* (G12,G13,G20 and G22) 
o r.. . ’homozygous alleles contain identical genes (G22).
Altogether 19/21 students could not give an explanation of the relationship 
between Heterozygous:Allele. 7 because they couldn’t remember or had never 
heard of one or both terms and 12 due to various misconceptions such as the 
one just described. Other students believed that Heterozygous referred to the 
zygote in some way (G25 and G27); or to a type of cell division (G26 and G28) 
or even to different types of Gametes (G14).
Meiosis was another problem term. This meant that 17/21 students did not give 
an explanation of the relationship between Gametes:Meiosis and 16/21 did not 
give an explanation of the relationship between Chromosome:Meiosis. Some
common misconceptions were as follows: some believed that Meiosis produced
just two daughter cells identical to the parent (G13,G14,G15,G23 and G24); 
others thought that Meiosis was the process of actual fertilization  
(G21,G25,G27 and G30) which then led onto growth by Meiotic cell divisions 
(G12,G15,G27 and G29).
20/21 students could not give an explanation of the relationship between 
Chromosome:Chromatid. This was mostly due to the fact that the students had 
forgotten or had never heard of the term Chromatid (n=13). Those that tried 
to describe Chromatid thought that Chromosomes pair up to form Chromatids 
(G15,G21,G22 and G25) or they believed that a Chromatid was a subsection of 
a Chromosome, contained within it (G23 and G29).
M.A. Pashley.
15.4.92
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Conceptua l  Unders tand ing  in G e n e t i c s  
( A C o d i c i 1)
G en et i c s  i s  an e x c i t i n g  and i n t e r e s t i n g  t o p i c  conta ined  w i t h i n  
the B i o l o g y  s y l l a b u s .  I t  seems,  however,  t h a t  too  many s tu de n ts  
a re  sca re d  o f  t h i s  t o p i c  because they f e e l  t h a t  they cannot  
understand  i t ,  o r  have not unders tood  i t  in the p as t .  I t  may 
o f t e n  seem to  t e a c h e r s  to  be a somewhat daunt ing  t a sk ,  t o  t r y  to  
encourage  the  s tu de n ts  w h i l e  c o v e r in g  t h i s  a spec t  o f  the  
s y l l a b u s .  The id ea  o f  t h i s  r e se a r ch  was to  show s tu de n ts  and 
t e a c h e r s  t h a t  i t  can be done.
Educat iona l  r e s e a r c h  has shown t h a t  i s  most important  f o r  a 
t e a c h e r  to  know what t h e i r  s tu de n ts  a l r e a d y  know, p r i o r  to  
s t a r t i n g  any t o p i c  w ith  them. I t  i s  on ly  through knowing the  
s t u d e n t s ’ concepts  and miscon ce pt io ns  in a p a r t i c u l a r  a r e a  t h a t  
the t e a c h e r  i s  a b l e  to  c o r r e c t  the miscon ce pt ion s .  Many t e a c h e r s  
f e e l ,  however ,  t h a t  whateve r  ro ut e  i s  taken through a p a r t i c u l a r  
t o p i c  some s tu de n ts  s t i l l  ’ d on ’ t  ge t  i t ’ . Knowing the s t u d e n t ’ s 
misconc ept ions  may not be enough;  t h i s  and o t h e r  r e se a r ch  has  
shown t h a t  in o r d e r  f o r  misconc ept ions  to  be c o r r e c t e d  a new 
t e ac h i ng  s t r a t e g y  i s  o f t e n  r e q u i r e d .  Th i s  need not be daunt ing  
e i t h e r  to  the t e a c h e r  or  to  the s tu de n ts ,  and may even be 
e n j o y a b l e .
The misconc ept ions  t h a t  have been i d e n t i f i e d  by t h i s  r e se a r ch  
cen t re d  around the terms Gene and A l l e l e .  There  were found to  
be th re e  gen era l  t ypes  o f  mi sconcept ion ,  th es e  be ing  t h a t : -
( a )  Genes contain A l l e l e s ;  ( b )  A l l e l e s  contain Genes; ( c )  Genes 
and A l l e l e s  are the same.
These mis con ce pt ion s ,  and o t h e r s ,  were i d e n t i f i e d  in t h i s  
r e s e a rc h  by us i ng  a Tes t  Book le t  t h a t  c o n s i s t e d  o f  21 d i f f e r e n t  
p a i r s  o f  g e n e t i c  te rms.  S tudents  were asked to  e x p l a i n  as f u l l y  
as p o s s i b l e  the r e l a t i o n s h i p  between these  p a i r s  o f  terms.  The 
complet ion o f  t h i s  t a sk  and the a n a l y s i s  o f  the  f i n d i n g s  was 
o b v i o u s l y  t ime-consuming and, a l though  v a l u a b l e  as a r e se a r ch  
t o o l ,  would be o f  l i t t l e ,  i f  any,  he lp  to  a t e a c h e r  who i s  f a c ed  
with 30 or  more s tu de n ts  to  a s s e s s !  However t h i s  b o o k l e t  cou ld  
e a s i l y  be reduced down to  j u s t  9 p a i r s  o f  terms,  these  be ing  the  
ones which were found to  h i g h l i g h t  the most probl ems.  A n a l y s i s  
o f  the r e sponses  to  th es e  terms would a l l o w  the t e a c h e r  to  see  
i f  t h e i r  s tu de n ts  he ld  important  miscon ce pt ion s .  The 9 p a i r s  o f  
terms would b e : -
( a )  Gene: Chromosome; ( b )  Gene :Al l e le ;  ( c )  Meiosis:Gametes;
( d )  Heterozygous:Al lele ;  ( e )  Dominant:A1lele;
( f )  Homozygous:A l l e i e ; ( g )  Reces s i v e :A l l e l e ;
( h )  Heterozygous: Homozygous; ( i )  Dominant .-Recessive.
A u s e f u l  so urce  o f  d e f i n i t i o n s  and e x p l a n a t i o n s  would be 
A Dictionary o f  Genet ics , by Rober t  C. King and W i l l i a m  D. 
S t a n s f i e l d  (OUP) .
Having r e p e t i t i o n  in the p a i r s  a l l o w s  c r o s s  r e f e r e n c i n g  to  ensure  
t h a t  a s tu den t  h as n ’ t  j u s t  l ea rn ed  the r e l a t i o n s h i p  between,  say ,  
Gene and A l l e l e ,  w i thou t  f u l l y  under s tand ing  i t .
For example a s tu den t  may w e l l  w r i t e  th a t  'an A l l e l e  is one o f  
many d i f f erent  forms o f  a Gene, '  a p e r f e c t l y  a c c e p t a b l e  
e x p l a n a t i o n  o f  the r e l a t i o n s h i p  between these  two terms.  
However,  in a d e s c r i p t i o n  o f  H e t e r o z y g o u s : A l 1 e l e  t h a t  same 
s tu den t  may w r i t e  t h a t  a ' heterozygous gene contains two 
di f ferent  a l l e l e s  ’ . Th i s  shows t h a t  the s t u de n t  has go t  the i d ea  
o f  ’ d i f f e r e n t ’ w i th  r e ga rd  to  he t e ro zy gou s ,  but ho lds  the  
misconcept ion  t h a t  genes co nt a i n  a l l e l e s ,  a misconcept ion  t h a t  
was not p icked  up in t h e i r  d e s c r i p t i o n  o f  G e n e : A l l e l e .
Once i d e n t i f i e d ,  the next  t a sk  i s  t o  t r y  to  c o r r e c t  these  
misconcept ions  and to  encourage  the s tudent  to  adopt  the accepted  
s c i e n t i f i c  e x p l a n a t i o n s .  The Chromosome Model was des i gn ed  as  
a too l  to  c h a l l e n g e  i d e a s .  The r e sea rch  showed t h a t ,  by us ing  
the Model wi th the worksh ee t s ,  wi th the he lp  o f  the t e a c h e r ,  
s tu d e n ts  a r e  a b l e  to  ’ SEE’ when t h e i r  concepts  do not f i t  the  
accepted  s c i e n t i f i c  conce pt s .  Th i s  i s  a c t u a l l y  h a l f  the b a t t l e .  
Once a s tuden t  i s  a b l e  to  admit  t h a t  th e re  i s  a problem then the  
t e a c h e r  and the s t u de n t  can work t o g e t h e r  to  overcome i t .  The 
S t a f f  Development V ideo  i s  j u s t  18 minutes l ong  and s imp ly  shows  
the r e s e a r c h e r  work ing  wi th some s tu de n ts  us ing  the Model .  As 
the v id e o  e x p l a i n s  the  e x t r a c t s  a r e  j u s t  to  g i v e  t e a c h e r s  a few  
i d ea s  o f  how the Model can be used.  A l l  s tu de n ts  a re  d i f f e r e n t  
and t h e r e f o r e  i t  i s  im p o s s i b l e  to  t a l k  about  THE way t h a t  the  
Model should  be used!
Whi l e  work ing  wi th s tu d e n ts  I w i tne ss ed  many d i f f e r e n t  r e a c t i o n s  
to  the  Chromosome M od e l . These r e sponses  r e p r es en te d  the many 
and v a r i e d  ways t h a t  the s t u d e n t s  d e a l t  w ith the  r e a l i s a t i o n  t h a t  
what they had he ld  to  be ’ t r u e ’ was now shown to  be ’ f a l s e ’ . 
Many en joyed  the c h a l l e n g e  to  t h e i r  concepts .  Some, though,  
were wary,  some w o r r i e d ,  some became upset  and o t h e r s  go t  q u i t e  
angry ,  f o r  a w h i l e .  There i s  ev i dence  t h a t  ’ b r i g h t ’ s tu de n ts  
w i l l  en joy  t h e i r  concepts  be ing  c h a l l e n g e d  whereas  ’ w e a k e r ’ 
s tu de n ts  may not .  Th i s  i s  an important  p o i n t  t h a t  must be taken  
i n to  c o n s i d e r a t i o n  i f  a l l  s t u de n t s  a re  go ing  to  b e n e f i t  from t h i s  
p r o c e s s .  I n d i v i d u a l  t e a c h e r s  w i l l  be b e s t  a b l e  to  j u d g e  t h e i r  
s tu d e n ts  and how they might r e a c t  to  t h i s  s o r t  o f  c h a l l e n g e  and 
to  a d j u s t  t h e i r  approach to  the s e s s i o n  a c c o r d i n g l y .
Wh i l e  working  f o r  t h i s  PhD I have been he lped  by many 
h ard -wo rk i ng  and committed s t a f f  from s e v e r a l  e d u c a t i o n a l  
e s t a b l i s h m e n t s .  They were e n t h u s i a s t i c  about  p a r t i c i p a t i n g  in 
the  t e s t i n g  o f  the Book le t  and the Chromosome Model because  they  
p e r c e i v e d  t h a t  someone was t r y i n g  to  do something about  a problem  
t h a t  they ’ knew’ e x i s t e d  because o f  t h e i r  own anecdota l  ev id en ce .
The f i r s t  s t e p  was to  use the Tes t  Book le t  w i th  the s tu de n ts  so  
t h a t  any misconc ept ions  cou ld  be i d e n t i f i e d .  At t h i s  s t a g e  t h e re  
were some t e a c h e r s  who f e l t  a l i t t l e  th rea tene d  as  they p e r c e iv e d  
t h i s  as a t e s t  o f  t h e i r  t e a c h i n g  a b i l i t y .  I t  was t h e r e f o r e  
important  to  e s t a b l i s h  r i g h t  a t  the be g i nn i ng  t h a t  the o b j e c t  o f
2
t h i s  a s p e c t  o f  the r e s e a r c h  was to  t e s t  the u s e f u l n e s s  o f  the  
Tes t  B ook le t  as  a means o f  i d e n t i f y i n g  s tu den t  concepts  and NOT 
a means o f  t e s t i n g  the t e a c h e r !  A c o n t r a c t  was be ing  en te re d  
with  both the s t u d e n t s  and the  t e a c h e r s .  I f  they were w i l l i n g  
to  t r y  and he lp  me to  t e s t  my methods then I ,  a t  the  end o f  the  
r e s e a r c h ,  would c e r t a i n l y  do my b e s t  to  t r y  and he lp  them.  
C e r t a i n l y  the s t u d e n t s  were concerned  t h a t  i f  any problems were  
p icked  up by the T es t  B ook le t  then th ese  would be po in te d  out  to  
them and t h e r e f o r e  c o r r e c t e d  b e f o r e  they s a t  t h e i r  exams.
In o r d e r  to  t e s t  the  Chromosome Model to  see  i f  i t  was a u s e f u l  
t o o l  f o r  c h a l l e n g i n g  (and c on seq u en t l y  a l l o w i n g  c o r r e c t i o n  o f )  
s tu d en t  mis co nc ep t io ns ,  a s tudy  had to  be s e t  up where some 
t e a c h e r s  and t h e i r  s t u d e n t s  had ac c es s  to  the Model and o t h e r s  
d id  not .  I t  was important  t h a t  those  us in g  the  Model d id  not  
exchange in fo rm at io n  w i th  th ose  who were not us in g  i t ,  w h i l e  the  
r e s e a r c h  was be ing  conducted .  Th i s  r a i s e d  a moral  i s su e  f o r  me, 
( b u t  not one which w i l l  a f f e c t  f u t u r e  u s e r s  o f  the  Mo d e l ) ;  what  
to  do about  s t u d e n t s  t a k i n g  p a r t  in the work who had been den ied  
advan ta ges  t h a t  o t h e r s  may have d e r i v e d  from the  Model? I t  was 
ag r ee d  a t  the o u t s e t  o f  each t r i a l  t h a t  those  s t a f f  and s t u d e n t s  
who were denied  the use o f  the  Model would be a b l e  to  have a c c e s s  
to  i t  a f t e r  the n e c e s s a r y  d a t a  had been c o l l e c t e d .
The r e s e a r c h  d id  con f i rm t h a t  the  Chromosome Model a l l o w s  
misc once pt ion s  to  be e f f e c t i v e l y  c o r r e c t e d ,  and to  ensure  t h a t  
a l l  the  s t u d e n t s  who took p a r t  in the s tudy  cou ld  have the  
b e n e f i t  o f  t h i s  t o o l ,  Chromosome Models  were l e f t  wi th a l l  the  
e d u c a t i o n a l  e s t a b l i s h m e n t s  i n v o l v e d .  The t e a c h e r s  who had 
undergone the S t a f f  Development in the use o f  the Chromosome 
Model ,  and had then used i t  t o  g r e a t  e f f e c t  in t h e i r  c l a s s e s ,  
could  now i n s t r u c t  th ose  c o l l e a g u e s  who had not used i t .  These  
t e a c h e r s  would then be a b l e  to  use the Model w i th  t h e i r  own 
s t u d e n t s  to  he lp  them c o r r e c t  t h e i r  m i s con ce pt ion s .
Th i s  r e s e a rc h  has been ve ry  r e w ar d ing .  Teacher s  and s tu d e n ts  who 
have used the Chromosome Model found t h a t  i t  was a s im p le ,  ye t  
e f f e c t i v e ,  way o f  c o r r e c t i n g  miscon ce pt io ns  in g e n e t i c s ,  a l l o w i n g  
t h e i r  s tu d e n ts  to  ga in  a g r e a t  dea l  more from t h i s  f a s c i n a t i n g  
and e x c i t i n g  t o p i c  in t h e i r  b i o l o g y  s y l l a b u s .
M i c h e l l e  A. Pash ley  
Februa ry  1993.
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